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TRANSMITTAL OF DRAFT GEOTECHNICAL SAMPLING AND TESTING PLAN FOR PHASE I11 OF 

The Department of Energy, Fernald Area Office (DOE-FN) is pleased to submit 
the enclosed Draft Geotechnical Sampling and Testing Plan (GSTP) for Phase I 1 1  
of the Site-Wide Disposal Facility Field Investigation for your review and 
approval. \ 

Both Fernald Environmental Restoration Management Corporation (FERMCO) and 
Parsons are evaluating geotechnical data from previous investigations within 
the area of interest and data currently being received from the Phase I 1  Pre- 
Design Investigation for the Site-Wide Disposal Facility. As analysis of this 
information continues over the next several weeks, we will continue to 
evaluate and refine the proposed strategy for this investigation. Our current 
plan is to meet with U.S .  and Ohio Environmental Protection Agencies during 
the week of March 20, 1995, to discuss this proposed plan and any planned 
modifications which result from ou'r ongoing data analysis activities. ' 
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1.0 INTRODUCTION 

The preferred remedial alternative for Operable Unit 2 includes an on-site disposal of remediation 

material. The design of a disposal facility is required as part of Operable Unit 2 remedial action 

plans. Also, the design will include accepting waste materials generated from other on-site 

remediation. Initial screening for an acceptable location for the disposal facility was performed using 

available environmental sampling data. This data was evaluated by using an uncertainty kriging 

model to determine if enough data w& available to ensure accurate geological predictions. The model 

results indicated that an unacceptable uncertainty existed in predicting lithologies for locating a 

disposal facility. Therefore, a predesign investigation was performed to define the most suitable 

location of the disposal facility within an identified best area at the Fernald Environmental 

Management Project (FEW) based on Operable Units 2 and 5 Remedial InvestigatiodFeasibility 

Study (RI/FS) investigations. The identified best area is located on the east side of the F E W  and 

measures approximately 2000 feet east to west by 5300 feet north to south (see Figure 1-1). This 

area is considered the best location for an on-site disposal facility primarily based on the greatest 

thickness of gray clay which provides a protective layer over the Great Miami Aquifer. Fate and 

transport modeling and risk assessments in the Operable Unit 2 Feasibility Study (FS) report have 

shown that a disposal facility in this area, based on a feasible facility design and a 12-foot gray clay 

layer, will be protective of human health and the environment. The boundary of the identified best 

area, identified on Figure 1-1, is bounded on the north, east, and south by the Ohio Environmental 

Protection Agency (OEPA) siting requirements (buffer from property line and water supply wells). 

The west boundary follows the 12 feet of gray clay contour line with the exception of the northern 

portion of the west boundary line (above the Production Area), which was made based on ' 

. identification of sand lenses within the gray clay. 

Based on information obtained from the predesign investigation, estimates of waste volumes for on- 

site disposal, and preliminary disposal facility design; the proposed location for the on-site disposal 

facility has been identified (see Figure 1-2). 

The objective of this geotechnical sampling and testing plan is to obtain engineering and geotechnical 

data necessary for the engineering design of the site-wide disposal facility. The data obtained through 

this investigation will support engineering analyses for the disposal facility design including 
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settlement, earthquake stability, structural support, liquefaction potential, slope stability and other 

design requirements. Data will also be obtained to determine if engineering controls will be required 

to minimize potential flow pathways from granular materials. This investigation will provide further 

refinement to the evaluation of the location and extent of identified interbedded and interconnected 

granular materials and perched groundwater identified in the predesign field investigation phases I 

and II. The final geotechnical investigation will be performed within and adjacent to the general 

area proposed for the disposal facility with emphasis being piaced on the areas prupoSiS fci "u4e 

. construction of the disposal facility dikesherms. The data quality objectives are identified in 

Appendix A. 

The proposed location and depth for geotechnical borings and Cone Penetrometer Testing (CPT) have 

been based on an examination of existing geotechnical information within and near the proposed area, 

and estimated till thickness. The proposed sampling locations are being evaluated and refined as data 

from the Pre-Design Field Investigation is received and reviewed. The Scope of Work included in 

this Geotechnical Sample and Testing Plan (GSTP) is based on the current understanding of site 

conditions and anticipated findings of the Phase 11 Predesign Investigation. Revisions to the Phase 111 

fieldwork may be necessary to ensure that the objectives are satisfied as the geotechnical 

investigations proceed. Investigative findings which could materially affect the conclusions of the 

Phase 11 Predesign Investigation will be discussed with the agencies prior to modification or 

expansion of Phase 111 fieldwork. 
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2.0 SUMMARY OF PREMOUS INVESTIGATIONS 

Date Report 

March 1992 "Conceptual Design Report for the Engineered 
Waste Management Facility" 

"Central Storage Facility Subsurface Exploration" 

OU4 Feasility Study Geotechnical Analysis 

"On-Site Waste Disposal Cell Pre-Design Activities 
Engineering Report" 

"On-Site Waste Disposal Cell Pre-Design Activities 
Engineering Supplement Report" 

"Remedial Investigation Report for Operable 
Unit 5, Volume 1 of 5 and Appendix P" 

September 1993 

January 1994 

March 1994 

July 1994 

June 1994 

Existing FEMP reports were reviewed to obtain information that would be useful in locating the 

disposal facility and/or in planning this final geotechnical investigation. The reports reviewed are 

listed in Table 2-1. 

TABLE 2-1 

SUMMARY OF REPORTS REVDEWED DURING GSTP PREPARATION 

ll "Phases I and II of the Operable Unit 2 Pre-Design I Field Investigation" 
On-going I 

~ 

The "Conceptual Design Report for the Engineered Waste Management Facility" performed 

geotechnical testing of soils mainly from the northern and eastern side of the site. 

The "Central Storage Facility Subsurface Exploration" Report evaluated the subsurface conditions at a 

proposed Central Storage Facility (approximately 1 acre in area) located to the north of the production 

area. 

The report "On-Site Waste Disposal Cell Pre-Design Activities Engineering Report" and 

I' . . .Supplemental Report" (Parsons, 1994) focused on geological testing from the southeastern comer 

of the site. 
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The OU4 Feasility Study Geotechnical Analysis (see FERMCO letter M:CRUS(OR):94-0071 

"Transmittal of Geotechnical Data to the Administrative Record," dated January 28, 1994) contains 

soil sample information taken from a preliminary location for an on-property disposal facility north of 

the Production Area. 

"The Draft Remedial Investigation Report for Operable Unit 5 at the FEMP" (DOE, 1994) contained 

interpretations of stratigraphy and boring/weii log data that was used in preparaiion of the GSTF. 

The study "Phases I and II of the Operable Unit 2 Pre-Design Field Investigation" performed 

~ 

geological and geotechnical testing of soils within the identified best area shown in Figure 1-1. 
I 

Phase I comprised of CPT. Phase II comprised of soil borings and geotechnical testing. 

A summary of the types and number of existing geotechnical tests related to the proposed location for 

the On-Site Disposal Facility for the purpose of locating additional borings are listed in Table 2-2. 

Table 2-3 summarizies the types and numbers of total geotechnical tests planned to be performed after 

the completion of the Phase III Geotechnical Investigation. 

The existing data obtained from the reports identified in Table 2-1, as well as miscellaneous 

monitoring activities undertaken during remedial investigations, have provided more than 150 

borings/wells within the boundaries of the identified best area shown in Figure 1-1. Diagrams 

indicating thickness of the gray till (see Figure 2-1) and thickness of the total till (see Figure 2-2) 

have been developed from information obtained from these borings, wells, and cone penetrometer 

testings. Figure 2-3 shows the approximate depths required to penetrate soils contaminated with 

uranium at levels above the Operable Unit 5 Proposed Final Remediation Level for leachable uranium 

from on-site soils (20 mgkg) as reported in the November 1994 Draft Proposed Plan for Operable 

Unit 5 .  Special precautions will be required in areas containing soils (at depth) with uranium levels 

in excess of 20 mgkg to assure protection of the groundwater (See Appendix H for the Methodology 

for Using a Hollow-Stem Auger as a Temporary Casing in Zones of Subsurface Uranium 

Contamination). 

F\WPSI\GEOSAMPL\SEC.1-2 MU& 9. 1995 l l:21m 2-2 
i ; :)A,! b' * : , 
' . f '  



669 6 

TEST EWF* o u 2  DISPOSAL 
FACILITY 

GEOTECHNICAL 
REPORT 

INCLUDING 
SUPPLEMENT 

REPORT 

Draft Gcotechnical Sampling and Testing Plan 
for Phase III of the SitsWide 

Disposal Facility Field Investigation 
FEMP-OU2, Revision 1 

March 1995 

PRE-DESIGN CENTRAL OU4 
(PHASE n)** STORAGE FEASIBILITY 

FACILITY STUDY 
SUBSURFACE GEOTECHNICAL 

EXPLORATION ANALYSIS 

TABLE 2-2 
SUMMARY OF REVIEWED GEOTECHNICAL TESTING 

(Undisturbed) 

CU Triaxial 
(Undisturbed) 

CU Triaxial 
(Remolded) 

Hydraulic 
Conductivity 
(Undisturbed) 

Hydraulic 
Conductivity 
(Remolded) 

Standard Proctor 

Modified Proctor 

I 

- - 10 8 11 

- I - 2 4 

10 4 21 I 14 

- - - 8 C  14 

- - - 6 28 

- I - I 1 

* 

** As specified on the Request for Analysis forms sent to the geotechnical laboratory 

As presented in the H. C. Nutting Report 

r 
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TEST FtEVlEWED PHASEIII 
GEOTECHNICAL GEOTECHNICAL 

TESTING INVESIlGATION 
c r o w  (Proposed) 

TABLE 2-3 
SUMMARY OF TOTAL GEOTECHNICAL TESTING 

TOTAL 

Moisture content 

Moisture Content I (Microwave) 

241 76 317 

- 18 18 

Unit Weight 

Grain Size/ 
Hydrometer 

2-4 

29 48 77 

292 99 39 1 
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3.0 ORGANIZATION AND RESPONSIBILITIES 

3.1 ORGANIZATION I 

This section describes the organizational and management structure to be used in implementing the 

Operable Unit 2 Predesign Work Plan at the FEMP. An Environmental Restoration Management 

Contract (ERMC) has been implemented at the FEMP site to manage the restoration activities, with 

Fernald Environmental Restoration Management Corporation (FERMCO). FERMCO reports directly 

to the Department of Energy-Fernald Area Office and acts as the main contractor for FEMP activities 

and coordinator of technical support and remediation subcontractors. Under the current FERMCO 

organizational structure, Operable Unit 2 activities will be the responsibility of Comprehensive 

Environmental Response, Compensation, and Liability Act/Resource Conservation and Recovery Act 

(CERCLA/RCRA) Unit 2 (CRU2), with such activities being conducted by individuals of various 

disciplines matrixed to CRU2 from other FERMCO departments (see 

Figure 3-1). 
. .  

3.2 RESPONSIBILITIES 

The major tasks that constitute the Operable Unit 2 Predesign Investigation organizational 

responsibilities to carry out those tasks are identified here. Primary responsibilities for implementing 

the Operable Unit 2 Predesign Work Plan will rest with Operable Unit 2 of the FERMCO 

organization, with additional necessary support provided through matrixing from other FERMCO 

departments and through subcontracts as .appropriate to ensure quality and timeliness. Task-specific 

responsibilities will be implemented as follows: 

1. 

2. 

3. 

Complete overall planning, integration, execution, and support of the Operable Unit 2 pre- 
design program. Implementation of these activities is the responsibility of the 
Environmental/Engineering Section matrixed to CRU2. 

Prepare and obtain approval of Operable Unit 2 sampling and analytical procedures. 
Development of any new procedures will be the responsibility of the Planning Group within 
the Environmental/Engineering Section of CRU2. New procedures will be submitted to 
EPA for approval, as exceptions or addenda to the SCQ. 

Prepare a Geotechnical Sampling and Testing Plan (GSTP) per CERCLA guidance for 
conducting field investigations, sampling, and analytical, tasks. Each GSTP will be 
provided to the US .  Environmental Protection Agency (EPA) and the Ohio Environmental 
Protection Agency (OEPA) for their review and approval before sampling activities are 
initiated. 
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4. Conduct the field program in accordance with the SCQ, established procedures, and the 
GSTP, including all aspects of monitoring, sampling, and shipment of samples. 
FERMCO's Site Restoration Services (SRS) will provide the necessary matrixed support to 
CRU2 to ensure completion of these tasks. Parsons will provide technical oversight and 
perform the geotechnical testing for geotechnical sample selection, analysis, and 
interpretation. 

5 .  Review and validation of chemical data collected during field sampling/field 
characterization program will be conducted by the Data Quality Management Department of 
the Environmental Division. These tasks will be performed in accordance with the 
approved SCQ data validation procedures. Validated data will be entered into the FEMP 
SED. . 

6. Assess and evaluate the field data to the requirements of DQOs and the Work Plan. 
Various facets of this task will be the responsibility of the EnvironmentalEngineering 
Section of CRU2, including the Predesign Investigation Group, and the Data Management 
Group. 

3.3 SAMPLE TEAM ORGANIZATION 

3.3.1 Organizational Structure 

Sampling for this project will be performed by both Parsons and the SRS Department of FERMCO. 

A schematic presentation of the organization in provided in Figure 3-1. Due to the nature, objectives, 

and programmatic requirements of this project, actual sampling locations and analysis parameter 

selection have been designated by FERMCOFarson personnel of Operable Unit 2. 

Parson's geotechnical personnel will be responsible for selecting geotechnical samples and producing 

the subsequent field boring logs. FERMCO personnel will be responsible for assisting in soil sample 

collection, and shipping of samples to the analytical lab. 

Additional sampling custodian staff may be utilized to provide an interface between the sampling 

crews and the F E W  or contract laboratory to be used for sample analysis. 



FIGURE 3-1 

FI NAL G EOTECH N I CAL I NVESTl GATlON 
ORGANIZATIONAL STRUCTURE 

I 

I I 

REGUIATORYPROGRAMS 7 
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3.3.2 ResDonsibilities of Team Members 

Overall project management will be provided by Steve Garland, P.E. who is matrixed into CRU2. 

Reporting to him are the following functional groups: 

Remlatorv Programs - responsible for assuring that the regulatory basis for the design is 
met by the proposed data collection 

- Responsible for obtaining the required subcontract services 

Proiect Controls - Responsible for tracking costs and scheduling data 

Final Geotechnical Investigation Task Manager - Responsible for implementing program 
objectives and. reviewing data 

Engineering - Responsible for geotechnical testing and geotechnical data interpretation. 

Oualitv Assurance - Independent of investigation activities and responsible for assuring field 
activities follow the identified procedures. Provide QA oversight of subcontractor 
activities. 

Safetv. and Health - Responsible for assuring the safe conduct of investigation field activities 
and for the overall health of site workers. 

Field sampling personnel from SRS are responsible for the collection and transportation of the 

samples and for the performance of slug tests and groundwater monitoring in accordance with the 

approved GSTP. All activities associated with the execution of sampling are to be documented on the 

appropriate Field Activity Logs (FALs) which are to be completed, by the A-E’s geologist, for each 

location. These technicians are also responsible for ensuring that the proper sampling equipment is 

available and in serviceable condition. Also, proper decontamination of equipment between each 

sampling point is the responsibility of these staff. Additional sampling custodian staff who interface 

with the FEMP or contract laboratory are responsible for ensuring that proper sampling containers, 

are available and in serviceable condition. Drillers are responsible for their equipment. 

- \  

Also, sample labeling, handling, storage, and a Site-Wide Analysis RequestlCustody Record 

(SWARKR) Form to be completed prior to submittal to the appropriate FEMP or contractor 

laboratory for analysis, are the responsibility of the sampling custodian. Finally, sampling custodians 

are responsible for logging in aI1 collected samples, delivering the samples to the F E W  laboratory or 

send$g the samples, with accompanying paperwork, to the contract laboratory. These personnel are 
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a part of the SRS Department. 

3.3.3 ResDonsibilitv Matrix 

The following is a responsibility breakdown of the geotechnical field investigation tasks. 

1. 

2. 

3. 

4. 

5 .  

Procurement 
a. Drilling 
b. CPTs 
c. Location Surveying 
d. Laboratory Testing 

Access 

a. Access Coordination 
b . Vehicle/Equipment Inspection 
c. Site Access Training 
d. Health & Safety Training 

Permits & Approvals 

a. Site Penetration Permits 
b. Other Site Permits/Approvals 

FERMCO 
FERMCO 
FERMCO 
A-E Contracted Laboratory 

FERMCO 
FERMCO 
FERMCO 
FERMCO 

FERMCO 
FERMCO 

QA/QC Activities 

a. Overall QA/QC Management A-E + FERMCO 
b. Field Activities QA/QC A-E 
c. Laboratory QA/QC A-E 

Field Investigation Program 

a. Technical & Commercial Direction of 
Field Program FERMCO 

b. Specify Sample Depth, Type, Quantity A-E 
c. Document Sampling Methods are in accordance with 

d. Coordinating Movement of Equipment 
On-Site FERMCO 

e. Coordinating Movement & Release of 
Samples FERMCO 

f. Preparing Field Notes and Other 
Documents FERMCO 

h. Health & Safety Management/Oversight FERMCO 

j . Slug Tests/Groundwater Measurements FERMCO . 

ASTM Standards A-E + FERMCO 

g. Preparing Boring Logs A-E 

i. Field Health & Safety A-E + FERMCO 
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3.3.4 SamDling Schedule 

Sampling will be accomplished according to the schedule contained in the approved work plan and 

Appendix G of this GSTP. In general, sampling will be performed concurrent with other 

investigative activities such as soil boring. 
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The most successful methodology for providing an effective health and safety program for any activity 

is to ensure that involved personnel have received adequate training prior to implementation of the 

fieldwork. Employee awareness of all physical, radiological, and chemical hazards which may be 

encountered will be accomplished by training throughout the planning and execution of this project. 

All FEMP employee and subcontractor personnel who will be performing fieldwork during this 

project will be required to have participated in all Occupational Safety and Health Administration 

(OSHA)-mandated 1910.120 Hazardous Waste Site Worker training. In addition, all applicable 

annual refresher training will have been taken by the individuals. 

DOE Order 5700.6C (Quality Assurance) require a series of site-specific training courses for workers 

at the F E W .  These courses are designed to augment OSHA required training and provide additional 

training specific to the hazards which exist at the FEMP. 
. 

Field personnel participating in the perfommice of this project will be trained to the SCQ 

requirements, the FEMP and Project Specific Health and Safety Plan, and the GSTP. 

In summary, employee awareness and clearly delineated lines of authority and responsibility have 

been designed to provide for effective health and safety related knowledge specific to each activity. 

4.1 

All aspects of this GSTP will be performed in accordance with all existing applicable U.S. DOE, 

U.S. EPA, OSHA, and State of Ohio Health and Safety Regulations. Additionally, all practices will 

be managed in accordance with commonly accepted practices used in the hazardous waste industry. 

GEOTECHNICAL SAMPLING AND TESTING PLAN 

Prior to the implementation of fieldwork which involves cone penetrometer work, drilling, trenching, 

or soil boring, a Penetration Permit will be obtained. Before a Penetration Permit is obtained, the 

area of concern is investigated and compared against the site database for underground utilities in the 

area. No drilling, trenching or soil borings will be performed without a valid Penetration Permit 

being obtained prior to actual performance of the fieldwork. 
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Field activities require a health and safety plan. A health and safety plan has been prepared in 

accordance with the FEMP Site Health and Safety Plan. For each project task and subtask, health 

and safety technician coverage is provided by the assignment of a technician to monitor the activities 

of the field crew. Health and safety plans provide for the hazards typically encountered by personnel 

when performing the specified fieldwork. 

Proper equipment to be used for h d t h  and safety monitoring and personnel protection will be 

specified in the Project Specific Health and Safety Plan (Attachment B - Personnel Environmental 

Monitoring Action Levels). Criteria for the selection of monitoring equipment and protective clothing 

will also be detailed in the Project Specific Health and Safety Plan (Attachment A -- Project-Specific 

Health and Safety Requirements Matrix). 

Each member of the field crews is required to participate in a health and safety training session which 

is specific to each field project, prior to performance of that fieldwork. 

4.2 RADIOLOGICAL MONITORING AND CONTROL 

Radiological monitoring for this work plan will be achieved using existing institutional controls 

commonly utilized at the FEMP. For those areas of the FEMP which are under existing institutional 

radiological controls, any employee who will be entering such areas is required to possess and wear a 

Thermoluminescent Dosimeter (TLD) to monitor for exposure to radiation. In addition, each 

employee is required to participate in a regularly scheduled urinalysis program which is designed to 

monitor for radiological exposure. In addition, each employee performing work in the former 

production area or in any radiologically controlled area must attend and pass appropriate on-site 

radiological training. 

' 

Monitoring results, which exceed FEMPdeteImined exposure guidelines, will be further evaluated as 

to the possible source(s). Measures necessary to reduce personnel exposure to radiation will be 

implemented. Such measures may include, but are not limited to, personnel training, 

decontamination, employee exposure monitoring, increased personnel monitoring, personnel 

protective equipment, and sampling of suspect materials encountered. 
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J If the responsible radiological technician assigned to the field activities identifies a real or potential 

condition which could or will result in an un&fe condition, then that person has the responsibility to 

cease field operations until such time as the unsafe condition has been corrected. 

4.3 NON-RADIOLOGICAL MONITORING AND CONTROL 

Monitoring of potential health and safety problems associated with non-radiological hazards are 

evaluated by a health and safety technician. Also, all field crews are responsible for hazard 

awareness and recognition. Task-specific training is designed to enhance the performance of all 

fieldwork using good and safe work practices. 

Evaluating the potential for personnel exposure to organic contaminants will be achieved mainly 

through the use of a Photoionization Detector. Other equipment which could potentially be used 

includes oxygen meters, and combustible gas indicators. Appropriate PPE levels will be determined 

and governed by the radiological, and health and safety technicians prior to the execution of field 

activities. 

If the responsible industrial hygiene. technician assigned to the field activities identifies a real or 

potential condition which could or will result in an unsafe condition, then that person has the 

responsibility to cease field operations until such time as the unsafe condition has been corrected. 
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5.0 QUALITY ASSURANCE AND QUALITY CONTROL 

The primary objectives of the QNQC sections of this plan relate to the collection of 

engineering/geotechnical information needed to support the design of an on-site disposal facility with 

an approximately 2.5 million cubic yard capacity. Specific objectives of this field sampling effort will 

be designed, organized, and implemented in a manner which will optimize the collection of 

information which meets predetermined DQOs. To ensure that information is gathered in such a 

manner that DQOs are met, QC measures will be used to determine conformance.with overall 

program objectives. 

The fundamental mechanisms used to achieve these project quality goals can be categorized as 
prevention, assessment, and correction. These components are further described as follows : 

1. Prevention of defects in the data quality through planning and design, documented 
instructions and procedures, and careful selection and training of skilled, qualified 
personnel. 

2. Quality assessment through a program of regular audits and surveillances to supplement 
continual informal review. 

3. Permanent correction of conditions adverse to quality objectives through a close-looped 
corrective action system. 

5.1 ACCURACY. PRECISSION AND SENSITIVITY 

For the purposes of this GSTP, accuracy, precision, and sensitivity are defined in the following 

manner: 

Accuracv and Precision 

Accuracy is defined as degree of corwrrnity to the true value, and is achieved by using recognized 

calibration standards. Precision is defined as degree to which measurements of replicates agree to one 

another, being free from bias or drift in the measurement data. 

Accurate and precise data will be achieved through the use of sampling and analysis procedures that 

' minimize biases, through the use of standard procedures, through the meticulous calibration of field 

and testing equipment, and by implementing corrective action whenever measured accuracy and 
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. Sensitivity 

Sensitivity is defined as the capability of indicating minute differences. The sensitivity of field 

measurements (eg., penetrometer measurements) will be estimated. 

Refer to Section 4.2 of the SCQ for additional detail. 

5.2 COMPLETENESS. AND COMPARABILITY 

For the purposes of this GSTP, Completeness, and Comparability are defined in the following 

manner : 

Completeness 

A sufficient number of successful measurements, at least 90 percent, must be obtained to characterize 

the extent and nature of soil, subsoil, perched water and groundwater within the proposed waste 

disposal facility site. 

Comparability 

Comparability is the extent to which comparisons among separate measurements will yield valid 

conclusions. Comparability among measurements in the final geotechnical investigation will be 

achieved through the use of rigorous standard field installation, sampling, document control, data 

reporting, and analytical procedures. Refer to Section 4.3 of the SCQ for additional detail. 

5.3 TRAINING 

All FEMP employees and subcontractors assigned to this project will be required to participate in a 

series of regularly scheduled training sessions which are designed to enhance employee awareness of 

each one's responsibilities and duties in the project. Field staff will receive comprehensive project 

and task specific training. Project daily "Tailgate Safety Meetings" will augment health and safety 

and project objectives training prior to the project start. Refer to Section 4.4 of the SCQ for 

additional details. 
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5.4 PERFORMANCE AND SYSTEM AUDITS 

To verify compliance with the SCQ and project-specific requirements, the FE- project manager and 

designated FEMP QA organization shall be responsible for scheduling and conducting QA audits and 

surveillance. Audit results of activities covered by the SCQ are available to the EPA upon request to 

DOE/FN. EPA may conduct external audits of FEMP activities covered by the 1991 Amended 

Consent Agreement as required. 

I 
As a minimum, audits shall consist of evaluation of the QA program and procedures, effectiveness of 

the implementation, and review of associated project documentation. Audits shall cover applicable 

laboratory activities, field operations and documentation, and final reports. Auditing shall be 

performed in accordance with DOE guidelines, the SCQ and applicable GSTPs. 

Planned QA oversight of Parsons and Geotechnical subcontractor analysis will be conducted by FEMP 

QA. 

As a minimum, surveillance shall consist of monitoring/observing ongoing project activity and work 

areas to verify item and activity conformance to specified requirements. Surveillance shall be 

scheduled, planned, and documented. Refer to Section 12 of the SCQ for additional details. 

5.5 

Field changes to the GSTP are at the discretion of the architect-engineering subcontractor’s 

representative, field geologist, sampling technician, and/or the Task Manager. Prior to 

implementation of the field changes, the Task Manager shall be informed of the proposed changes and 

the circumstances requiring the changes. Any changes to the activities specified in the GSTP or the 

DQO must have the approval of the Task Manager and Quality Assurance prior to implementation. 

Changes to the program shall be documented on the applicable Variance Request Form within 24- 

hours of verbal approval. Field changes to the sampling activities defined in this GSTP may change 

the location of sampling or add additional sampling locations. Scope changes to the GSTP or DQO 

will require respective document revisions. Specific DQOs for this GSTP were developed and are 

presented in Appendix A. 

Field Changes to the GSTP 
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6.0 FIELD ACTIVITY GUIDELINES I 

6.1 FIELD ACTMTY REOUIREMENTS 

This section presents a generalized description of the field activities proposed to complete the Final 

Geotechnical Investigation. Field activities will consist of geotechnical surveying using a cone 

penetrometer and sampling of subsurface soils using an auger rig, installation of groundwater wells 

using, measurements of water levels, and slug tests. 

8 

9 

10 

I1 

Procedures to be used during the performance of the field operations are derived from several F E W  

program plans, procedures, ASTM guidance, and EPA sources. F E W  program plans, specifically 

the SCQ and FEMP SC/DM Department Standard Operating Procedures will be used as guidance 

documents. U.S. EPA procedure reference sources include the "Compendium of Superfund Field 12 

13 

14 

Operations Methods" and "Hazardous Waste Site Disposal Operations. I' 

is presented in Section 6.2 below. 

Guidance for field activities 

IS 

16 

17 

For those field activities for which adequate procedures do not exist, activity-specific procedures are 

presented. These procedures will be in accordance with commonly accepted investigative techniques 

and recognized industry practices. 18 

19 

Because there is a possibility that the FEMP and surrounding area may contain archaeological sites, m 

which are protected under Federal law, procedures have been developed to properly protect these 21 

sites. If any material is encountered during this investigation which may be a cultural or 

archaeological resource, work will stop immediately and the appropriate people notified. Appendix B 
outlines this procedure in greater detail. 

22 

23 

24 

25 

26 
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6.2 FIELD OPERATIONS PROCEDURES 
Tables 6-1 through 6-4 provide references for administrative, field, and sample handling/laboratory 

procedures for various activities in the Final Geotechnical Investigation for the On-site Disposal 

Facility. These activities are: 

Geological survey using a cone penetrometer 
Soil sampling for geotechnical soil properties 
Sei! sampling for selected radiological analysis 
Well installation 
Water level measurements 

qF:\vl!GEOSAMPL\SEC.6. March 9, 1995 10:27am 6-2 
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TABLE 6-1 

REFERENCE GUIDELINES 

Administrative Procedures Reference Documents , 

W Q C  

Chain of Custody 

SCQ Sections 4, 5 ,  10, and 11; Appendix Amable 2-2; Appendix D; Appendix J 

SCQ Volume I. Section 7.1; 
RVFS Fernald Project Policy and Procedures Manual, FPP-401, Section 5.1.12 

Corrective Action SCQ Volume I, Section 15.2; 
RUFS Fernald Project Policy and Procedures Manual, FPP-210 

Daily Logs SCQ Appendix J, Subsection J.4.1 

Variances SCQ Volume I, Section 15.4.1; 
RVFS Fernald Project Policy and Procedures Manual, FPP-203 

Document Change Request SCQ Volume I, Section 4.4.3.2; 
RVFS Fernald Project Policy and Procedures Manual, FPP-200 

5 

6 

7 

8 

9 

10 

11 

Field Procedures Reference Documents 12 
~ ~ ~ _ _ _ _ _  ~~~~~ 

General Drilling Practices 

Monitoring WellPiezorneter 
Design, Installation, and 
Abandonment Plugging and Abandonment 

SCQ Section 5.2.1; Appendix J, Subsection 1.4.2 

SCQ, Section 5.2.2; Appendix J, Subsection J.4.3; 
PCN-EM-GW-004-141 and -02 - Standard Operating Procedure for Well 

Abandonment ASTM D5299-42 "Standard Guide for Decommissioning of Groundwater Wells, 
Vadose Zone Monitoring Devices, Boreholes and Other Devices for 
Environmental Activities" 

OAC 3745-9-10 "Abandonment of Test Holes and Wells" 

ASTM C150-92 "Standard Specification for Portland Cement" 

SCQ Appendix J, Subsection J.4.4 

SCQ Appendix K, Subsection K.5.3.2; 
RVFS Fernald Project Policy and Procedures Manual, FPP-600 

Well Development 

Field Screening of Samples 
for Radioactive 
Contamination 

Decontamination 

P 

SCQ Appendix K, Subsection K. 11 

Sample Handling/ 
Laboratory Procedures Reference Documents 

Classification, 
Transportation, and 
Shipment of FEMP RVFS 
Samples 

RVFS Fernald Project Policy and Procedures Manual, FPP-601; 
SCQ Appendix K, Subsection K.lO; Volume I, Subsection 6.7; 
Compendium of Superfund Field Operations Methods, Section 6.0 

F\WP51\GEOSAMPL\SEC.6. March 9. 1995 10:27am 6-3 

13 

14 

15 

16 

17 

18 
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TABLE 6-2 

GEOTECHNICAL SURVEYING PROCEDURES 

AdUlhkk3 tive Procedures Reference Documents 

See Table 6-1 See Table 6-1 

Field Procedures Reference Documents 

Penetrometer Techniques Section 8.2.3 of this GSTP 
ASTM D 3441-86 “Standard Method for Deep, ‘QuasiStatic, 
Cone and Frictioncone Penetrometer” 

I 
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TABLE 6-3 

SOIL SAMPLING PROCEDURES 

Administrative Procedures Reference Documents 

See Table 6-1 See Table 6-1 

- 

Field Procedures 

General Drilling Practices 

Subsurface Sampling 

Surface Sampling 

Field Screening of Samples for Radioactive 
Contamination 

Decontamination 

~ ~ ~~ 

Reference Documents 

See Table 6-1 

SCQ Appendix K. Section K.5.3 

SCQ Appendix K. Section K.5.1 

SCQ Appendix K, Section K. 11; 
RVFS Fernald Project Policy and Procedures Manual, FPP-600 

See Table 6-1 

Sample Handlingbboratory 
Procedures Reference Documents 

Classification, Transportation, and Shipment of 
FEMP RUFS Samples 

See Table 6-1 

Geotechnical Analyses ASTM reference methods as shown on Table 7-5 

Dry Weight, Army Corp, Engineers EM100-2-1906. 
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TABLE 6-4 
. .  . 

GROUNDWATER SAMPLING PROCEDURES AND REFERENCE DOCUMENTS 
~ ~~ 

Administrative Procedures Reference Documents 

See Table 6-1 See Table 6-1 

Field Procedures Reference Documents 

General Groundwater Purging and 
Sampling Techniques 

SCQ Volume I, Subsection 6.2; Appendix K, Subsection K4.2; 
SC-GWM-FO-201 Groundwater Sampling Activities 

Water Level Measurements SCQ Volume I, Section 6.2.2.1; Appendix K. Subsection K.4.2.1; 
EP-GWM-FO-201 Groundwater Elevation Measurements 

Field Analytical Methods SCQ Volume I, Subsection 6.2; Appendix K, Subsection K.4.1 

Decontamination SCQ Appendix K. Subsection K. 1 1 
SC-GWM-FO-201 Groundwater Sampling Activities 

~~ 

Sample HandlingLaboratory 
' Procedures Reference Documents 

Classification, Transportation, and 
Shipment of EMP RVFS Samples 

See Table 6-1 
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March 1995 

7.0 FIELD SAMPLING PLAN 

7.1 GENERAL 

The information generated by the geotechnical investigation study is essential in determining the 

geotechnical properties of the subsurface soils within and adjacent to the proposed area of the on-site 

disposal facility. This information is necessary in order to perform the detailed design including the 

stability and anticipated performance evaluation of the subject disposal facility. 

As part of the geotechnical investigation study, both geotechnical sampling and in-situ testing will be 

conducted to determine the geotechnical properties of the subsurface soils. Three different types of 

geotechnical investigations are currently planned: soil borings, shallow soil sampling, and cone 

penetrometer testings. The following sections discuss the sample collection methods, field and 

analytical methods, procedures, and types of geotechnical sampling and in-situ investigation. 

Changes to the sampling plan made in the field to conform with sampling and geological conditions 

will be documented in accordance with section 5.5. 

7.2 FIELD PROGRAMS 

7.2.1 Sampling From Soil Boring Locations 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12 

13 

14 

15 

16 

.. . 

17 

18 

19 

m 

21 

22 

7.2.1.1 Obiectives 

Borings will be completed within and adjacent to the proposed location for the disposal facility for the 

purpose of collecting soil samples to facilitate additional engineering/geotechnical soil tests, and 

gathering additional soil profile information. Figure 7-1 shows the proposed locations for the 14 

boring locations. 

F\WPSI\GEOSAMF'L\SEC.7 March 9, 19% 948am 7- 1 

23 

24 

25 

26 

27 



THIS PAGE INTENTIONALLY LEFT'BLANK 

. . .  .. 
. .  . '  ,: 

I. '. . .c. ...-..,. I . 3 ,  I 



h n 
YI 
I- a x 
c3 

+ 

000E8P 

0 
%= 
N 
O 

I I- 

o. ? 0 

q m  N v) 
& 4  

a 
Y 
C o 

I- 
0 

m - 
v) P 

4 ;  = J  I .  

N V 

0 
N 0 

P 
= m  

0- 
O N  
1 -  + I  

0.N 00 
VI 
ru 
0 

0 0 

=A 
Y, 

N 

I- 

6 0 

2 4  4 

0 " Y  u) 

N 
0 

0 0 v) 

I- 

' 6  
N 0 

- 
0 

yo, 
p 8 
0 

N 
0 v) 

I- l a  
Y 
N 0 

O O O Z W  

. LEGEND 

00018P 

A CPT 

S HAL L 0 W BORINGS 

BORINGS 

A COMBINED SOIL BORING/CONE 
PENETROMETER LOCATION 
(SOIL BORING AND CONE 
PENETROMETER WITHIN 3-FEET)  

+ 
00008P 0006L P 

I 

. *  : f  

I 

\ - TENTATIVE LOCATIONS FOR 

I 

FIGURE 7-1. 

SOIL BORINGS AND CONE 
PENETROMETER TESTS 

0 
0 
$ 

0 
0 
b 

0 
In 
r) 

0 



Draft Geotechnical Sampling and Testing Plan 
for Phase Ill of the Site-Wide 
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Marth 1995 

7.2.1.2 Soil Sample Collection (Geotechnical) 1 

Truck-mounted hollow-stem auger drill rigs will be used to drill 14 geotechnical soil borings. Split- 

spoon or Shelbytube, or Denison samplers will be used to collect soil samples from the 14 borings 

(See Appendix F for Denison Sampling Method). Penetrationhesistance testing (blows/6") performed 

in the field will be used to correlate settlement, strength, bearing capacity, consistency of soil, and 

liquefaction parameters. Geotechnical testing required to 'determine soil characterization, moisture 

content, strength, compressibility, consolidation, and hydraulic conductivity will be performed on 

samples taken from both the brown and gray till. 

I 

Four of the borings are designated to penetrate the till to depths of about 80 feet. This is to provide 

4 

5 

6 .  

7 

8 

9 

10 

properties of deeper soils which are required for evaluation of liquefaction, stability, and settlement of 

subsurface soils below the disposal facility. Geotechnical testing required to determine the grain size 

distribution, and moisture content will be performed on soil samples taken from the Great Miami 

11 

12 

13 

Acquifer. 

Planned boring depths, type and depth of samples, and corresponding geotechnical testing required for 

each sample are identified in Table 7-1. Split spoon and Shelby tube samples will be collected 

alternately at intervals of about 2.5 feet to a depth of about 20 feet and then at intervals of 5 feet to 

the bottom of the boring. Only Spilt spoon samples will be collected in the Great Miami Acquifer 

(the soils immediately below the glacial till). Denison samplers may be substitued in place of Shelby 

tubes for the collection of undisturbed samples in soils having a standard penetration resistance higher 

than 20 blow&. Sample volumes, containers, and preservation methods are listed in Table 7-2. 

Thin-walled Shelby tube samples and Denison samplers will be shipped "upright" in 85-gallon drums. 

The sample tubes will be packed with vermiculite or similar packing material. All applicable shipping 

requirements, including chain of custody will be followed. 

7.2.2 Sampling From Shallow Soil Excavation Locations 

7.2.2.1 Objectives 

In addition to the 14 borings detailed in Section 7.2.1, 14 shallow excavations (less than 5 feet in 

depth) will be completed for the purpose of collecting bulk soil samples to facilitate additional 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2.8 

29 

30 

31 

32 
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GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SOIL BORINGS) 
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. .  

joring 
umber 
i2-124 
mtinued) 

Disposal Facility Field Investigation 
FEhiPaIJ2. RevnioD 1 TABLE 7-1 (continued) 

GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SOIL BORINGS) 

Planned Grey Claf Soil4 
Depthfftl DeDthlftl 1- - 

- 
- 
- 
- 
- 
- 
- 

SPT Shelby 
DeDth (ftl Deoth (ftl 

45-46.5 - 
50-51.5 - 
5556.5 - 
m1.s - 
65-66.5 - 

. 70-71.5 L 

7576.5 - 
80-61.5 ,, I -  

Geotechnical Testinq 
MC + GS 
MC + GS 
MC+GS 
MC+GS 
MC + GS 
MC+GS 
MC+GS 
MC+GS 

Cur+ GS+ AL+ MC + MC,+ UW 

UU+GS+AL+ MC+ UW 

CU+GS+ALtUW 

UU+GS+AL+ MC+ UW 

_._-________.----.._____.__________ 

- 
- 

- 

March 1995 

CU + GS + AL+ UW 

Cur+ GS+ AL+ MC + UW 

CON+ CONm+ CONr+ UU +GS+ AL+ UW+ SG 

P+GS+AL+ MC+ UW 

CON t CON,+ GS+AL+ SG 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC t GS 

- 

- 

- 
- 
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. GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SOIL BORINGS) 

Boring Planned Grey Clay" Soil4 SPT Shelby 
Number Depth(ft1 DeDthfftl T- Depth (ftl DeDth (ft) Geotechnical Testinq 

Grey Clay - M22 - 
GreyClay 2526.5 - - 
Grey clay - 28-30 - 

a -- N-.. - 2,q.a - 
5-6.5 - - 

G2-127 
(continued) 

.............................................................................................................................. 
25 0 DIII w a y  

1- /.-e 
bZ- I L O  

~m clay 
Grey a a y  - 7.5-9.5 Cur+ GS + AL+ MC+ UW 
Grey a a y  10-1 1 .5 - 
Grey clay - 
Grey clay 15.-16.5 - - 
Grey a a y  - 17.519.5 GS+ AL+MC+ UW 
Grey clay ~ 2 1 . 5  - - 
Grey a a y  - 23-25 - 

12.514.5 CON + CON- + UU + GS + AL+ SG + UW 

2.54 

7.5-9 

- 

- 
12.514 

- 
17.519 

2526.5 

35-36.5 
4 0 4 1  5 
45.46.5 
!jo-51.5 
W56.5 
m1 .s 
M . 5  
7071.5 
7576.5 

- 
- 

- 
UU + GS + AL+ MC + MCm + UW 

CU + GS + AL + UW 

CON+CON-+ CON,+ UU+GS+AL+ SG+ UW 

Cur+ GS+ AL+ MC + UW 

CU + GS + AL+ UW 

MC+GS 
MC+GS 
MC+GS 
MC+GS 
MC + GS 
MC+GS 
MC+GS 
MC+GS 

- 
- 

- 
- 

- 
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GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SOIL BORINGS) 

loring Planned Grey Clap Soil4 SPT Shelby 
umber DeDthIft) DeDthfftl DeDth fftl Depth fft) Geotechnical Testinq - MC+GS 12-1 30 - 80-81.5 
intinued) 
.._____.__._____._._._____________.___._-----------..-.---- 
i2-131 80 9 Bin Clay 

Brn Clay 
Brn Clay 
Grey clay 
Grey clay 
Grey Clay 
Grey Clay 
,Grey clay 
Grey Clay 
Grey clay 
Grey Clay 
Grey Clay 
Grey Clay 
Grey Clay - 

- *  - 
- 
- 
- 
- 

_._____..______._____...__________..___..---.-.-..-.-..--.-------- 
- 2.54.5 - 

- 7.59.5 UU+ UU,+GS+ AL+ MC+ MC,+ UW 
l e 1  1.5 - - 

- 12.514.5 CON + CON,+ GS + AL+ UW+ SG 
15.-16.5 - - 

- 17.519.5 - 
20-21.5 - - 

2527 
30-31.5 - - 

- 35-37 - 
4041.5 - - 

- 45-47 CON+CONs+ UU+GS+AL+ UW+SG 
50-51.5 - - 
5556.5 - MC+GS 
6Q-61.5 - MC+GS 
65-66.5 - MC+GS 
70-7 1.5 - MC+GS 
7576.5 - MC+GS 
8081.5 - MC + GS 

- - 54.5 

- CON + UU + GS + AL + UW + SG 

.. 

Grey clay 
Grey clay 
Grey clay 
Grey clay 
Grey clay 
Grey clay 
Grey clay 
Grey clay 
Grey Clay 

Bm clay 
Bm Clay 
ern clay 
Bm Clay 

Grey Clay 
Grey 
Grey Clay 
Grey Clay 
Grey clay 

____-__.._.___-__. 

12.514 - 
17.519 

- 
25-26.5 

3536.5 

43.545 

- 

- 

___________. 
- 

56.5 

10-1 1.5 

15.-16.5 

20-21.5 

- 
- 

- 

bSG+UW 
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Marcb 1995 
GEOTECHNICAL LABORATORY TESTING PROGRAM 

(SOIL BORINGS) 

Boring Planned Grey Clay Soil4 SPT Shelby 
Number DeDthlft) Depthfftl ivr>e Depth fft) DeDth lftl Geotechnical Testinq 
62-1 33 Grey Clay W 1 . 5  

(continued) Grey Clay - 35-37 - 
- - 

.............................................................................................................................. 
Notes: 
7 .  The d&RitiCr!S e! the gM?DPhl?!C=! !2hn!a?o!y tes!Ing are ac follnwa: 

MC = 
MCm = 
uw= 
GS = 
SG = 
AL = 
CON = 
CON, = 
CON, = 

CON, = 

uu = 
uu, = 

uu, = 

cu = 

cur = 

cu, = 

SP = 
P =  
P =  

Qc= 
. R =  
S =  
A =  

Moisture Content, ASTM 02216. 
Moisture Content, ASTM 04643. This test is being performed for comparison and calibration purposes with MC (ASTM D 
Dry Unit Weight, Army Corp. Engineers EM10Q.2-1906. 
Grain Size/&drometer, ASTM 0422. 
Specific Gravity, ASTM 0854. 
Atterberg Limits, ASTM 04318. 
Consolidation with time readings, ASTM 02435, undisturbed sample at natwal moisture. 
Consolidation with time readings, ASTM 02435, undisturbed sample at saturated condition. 
Consolidation with time readings, ASTM D2435, remolded sample with 95% relative compaction at moisture conteni 
optimum in accordance with ASTM D698. 
Consolidation with time readings, ASTM 02435, remolded sample with 85% relative compaction at optimum moisture w 
amordance with ASTM D698. 
Unconsolidated, Undrained Triaxial Compression, ASTM 02850. undisturbed sample. 
Unconsolidated, Undrained Triaxial Compression, ASTM D2850, remolded sample with 95% relative compaction at n 
content wet of optimum in accordance with ASTM 0698. 
Unconsolidated, Undrained Triaxial Compression, ASTM 02850, remolded sample with 85% relative compaction at o 
moisture content in accordance with ASTM D698. 
Consolidated Undrained Triaxial Compression with pore pressure measurements, f i T M  04767, undisturbed sample 
samples to be used at three different confining pressures. If Three samples are not available, perform an stage test 
sample. 
Consolidated Undrained Triaxial Compression with pore pressure measurements, ASTM 04767, remolded sample w 
relative compaction at moisture content wet of optimum in accordance with ASTM D698. Three samples to be used 
different confining.pressures. tf Three samples are not available, perform an stage test on one sample. 
Consolidated Undrained Triaxial Compression with pore pressure measurements, ASTM 04767, remolded sample w 
relative compaction at optimum moisture content in accordance with ASTM D698. Three samples to be used at three 
confining pressures. H Three samples are not available, perform an stage test on one sample. 
Standard Proctor, ASTM 0698. 
Permeability, ASTM D5084, undisturbed sample. 
Permeability, ASTM 05084, remolded sample with 95% relative compaction at moisture content wet of optimum in aca 
with ASTM 0698. 
Organic Content, ASTM 02974. 
ksistance R-value, ASTM D2844. 
Soundness, ASTM C88. 
Resistance to Abration, ASTM c535. 

2. 

3. 

’.. 
3. 

Where is shown, if dayey soils are encountered, representative undisturbed samples shall be obtained and AL 
with other warranted strength or compressibility tests shall be assigned. 
Approximate depth to the top of Grey Clay based on the available information extracted from the existing ad 
brings. 
General soil type information based on the available information extracted from the existing adjacent brings. 
It should be noted that, where CON and CU tests are performed, MC test shall also be performed as part of thc 
and CU tests themselves. 

, ,  .! s‘ 

%()oQfJ’4h-s‘ 1. 
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engineering/geotechnid soil tests on both topsoil and underlying till. Figure 7-1 shows the proposed 

locations for the 14 excavation locations. 

Geotechnical testing required to determine soil characterization, moisture content, standard proctor 

densities, and permeability will be performed on samples of till. Topsoil (top l&inches) will be 

tested to determine ash and organic matter content. 

7.2.2.2 Soil SamDle Collection (Geotechnical) 

A backhoe or hand-operated power auger will be used to collect disturbed soil samples from sixteen 

shallow excavations for the purpose of providing bulk samples of topsoil and soils underlying the 

topsoil which are intended to be used as liner material. The topsoil will be used for organic content 

tests while the surface soil samples below the topsoils will be used for remolded permeability and 

standard proctor density testing. 

TABLE 7-2 

SAMPLE VOLUME, CONTAINERS, AM) PRESERVATION - 
SOIL SAMPLES 

6 

7 

8 

9 

14 

15 

16 

17 

Parameter Container Preservation 18 

Gross AlphalBetal 

Specific Gravity, 
Moisture Content, 

, Atterberg Limit, 
Grain SizeMydrometer 
Analysis 

Dry Unit Weight, 
Undisturbed Hydraulic 
Conductivity (permeability), 
Unconfined UU Triaxial 
Compressions, Undisturbed 
Consolidation 

Undisturbed Consolidated 
Undrained Triaxial, with 
pore pressure measurement 

F\WP5I\GMSAMPLSEC.7 M a d  9, 1995 9:- 

4 ounces 

1 x 500 ml glass 
wide mouth or 
(1) 3 (O.D.) x 30 
in. Shelby tubs 

(1) 3 (O.D.) x 30 
in. Shelby tube* 

(1) 3 (O.D.) x 30 
in. Shelby tube' 

7-9 

None 

None 

None 

None 

19 

31 

32 

33 



.. . 

.Remolded Hydraulic 
Conductivity (Permeability), 
Remolded Unconfined 
Undrained Triaxial 
Compressions, Remolded 
Consolidat ion 

Remolded Consolidated 
Undrained Triaxial , with 
pore pressure measurement 

Total Uranium/Isotopic 
Uranium 

Ash and Organic Matter 
Content 

Chloride 

Sulfate 

Soundness 

Resistance to Abrasion 

F\WPSl\GEOSAMPL\SEC.7 Mar& 9, 1995 948am 
- .  . 

%.-. :-f ;- ' 

5-gdlOnS (45 kg) 
(field weight -- 
taken from (1) 3 
(O.D.) x 30 in. 
Shelby tube', 
shallow 
excavation, or 
shallow auger 
-..+&-*e\ 
b U b L L L l g 0 )  

5-gdlOnS (45 kg) 
(field weight -- 
taken from (1) 3 
(O.D.) x 30 in. 
Shelby tube', 
shallow 
excavation, or 
shallow auger 
cuttings) 

500 ml 

250 ml 

1 x 500 ml 
polyethylene with 
polyethylene or 
pol yethylene-lined 
closure 

l x 5 0 0 m l  
polyethylene with 
polyethylene or 
pol yethylene-lined 
closure 

5-gall0n~ (45 kg) 
(field weight - 
sampled from 
stockpiled stone) 

5-gdl0n~ (45 kg) 
(field weight -- 
sampled from 
stockpiled stone) 

7-10 
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None 

. None 

None 

None 

None 

24°C 

None 

None 
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.Resistance R-value 

Standard Proctor 

1-gallon (6 kg) 
(field weight) 

5-gdl0n~ (45 kg) 
(field weight -- 
taken from auger 
cuttings or 
shallow 
excavations) 

None 

None 

* ASTM D1587 Suitable Tube 

1 Only required for soils collected within the restricted area fence of the FEMP or in areas of known 
contamination. 

The planned depths, type and depth of samples, and corresponding geotechnicai testing required for 

each sample are identified in Table 7-3. Two composite samples will be prepared by combining 

samples taken from designated locations. In addition, four samples will be selected along a proposed 

roads (not shown in this report) for performance of R-value tests. 

Sample volumes, containers, and preservation methods are listed in Table 7-2. 

All applicable shipping requirements including chain of custody will be followed. 

7.2.3 Cone Penetrometer Testing 

7.2.3.1 Obiectives 

Cone penetrometer testings (CPT) will be performed within and adjacent to the proposed location for 

the disposal facility for the purpose of providing continuous stratigraphy information and strength data 

for engineering evaluation and analycses. Dissipation tests will also be conducted at selected locations 

to estimate in-situ soil horizontal permeability in saturated zones. Additionally, the CPT data are 

used to interpolate soil properties between samples and borings. Figure 7-1 shows the proposed 

locations for the 48 CPTs and Table 7-4 indicates the planned CPT depths. Fourteen of the CPTs are 

designated to penetrate the till by being performed to depths of 100 feet or to refusal, whichever is 

11 
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TABLE 7-3 (continued) . March 19% 

for pbax m or tbe siwide 

GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SHALLOW BORINGS/EXCAVATIONS) 

Shallow 
Boring Planned Soil Sample 

Number Depthfft) TvDe DeDth (ftl Geotechnical Testing 
G2-SB-10 5 Topsoil 0.0.5 oc 

Topsoil 0.51 .o 
,Topsoil 1.0-1 .s 
Bm Clay 1.55.0 

oc 
oc 
SP+ PI+ GS + AL+ MC+ MCm 

7-1 3 
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TABLE 7-3 (continued) March 1995 

GEOTECHNICAL LABORATORY TESTING PROGRAM 
(SHALLOW BORINGS/EXCAVATIONS) 

Shallow 
Boring Planned Soil Sample 

DeDth fftl Geotechnical Testing 
- %+SA 

Number DeDthfftj TvDe 
Borrow Area4 - Riprap 

Notes: 
1. The definitions of the geotechnical laboratory testing are as follows: 

MC = 
MCm = 

GS = 
SG = 
AL= Atterberg Limits, ASTM D4318. 
CONr = 

CONrn = 

SP = 

Pr = 

oc= Organic Content, ASTM D2974. 
S =  Soundness, ASTM C88. 
A =  

Moisture Content, ASTM D2216. 
Moisture Content, ASTM D4643. This test is being performed for comparison and calibration purposes 
MC (ASTR 02216). 
Grain Sireplydrometer, ASTM 0422. 
Specific Gravity, ASTM D854. 

Consolidation with time readings, ASTM D2435, remolded sample with 95% relative compaction at moir 
content wet of optimum in accordance with ASTM D698. 
Consolidation with time readings, ASTM 02435, remolded sample with 85% relative compaction at optin 
moisture content in accordance with ASTM D698. 
Standard Proctor, ASTM 0698. 
Permeability, ASTM D5084. remolded sample with 95% relative compaction at moisture content wt 
optimum in accordance with ASTM D698. 

Resistance to Abration, ASTM C535. 

2. 
3. 

4. 

Composite sample prepared by combining samples taken from the designated locations. 
Shallow borings/excavations G2SB-15 through GP-SB-17 shall be selected at the location 
proposed roads to collect samples for performance of R-value tests. 
Location of the borrow area for obtaining the riprap samples will be spedfied by FERMCO. 
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TABLE 7 4  
CPT SOUNDINGS PLANNED DEPTHS 

CPT Soundina Number Planned Depth Cftl 
G2CPT-500 21 
G2-CPT-501 100 
G2-CPT-502 20 
G2-CPT-503' 100 
G2-CPT-504 22 
G2-CPT-505 21 
G2-CPT-506' 100 
G2-CPT-507 23 
G2-CPT-508 25 
G2-CPT-509 19 
G2CPT-510 25 
G2-CPT-511 24 
G2-CPT-512' 100 
G2-CPT-513. 100 
G2-CPT-514 25 
G2-CPT-515 21 
G2CPT-516 29 
G2-CPT-517' 100 
G2-CPT-518 30 
G2-CPT-519 28 
G2-CPT-520 27 
G2-CPT-521 26 

. G2-CPT-522' 100 
G2-CPT-523 29 
G2-CPT-524' 100 
G2-CPT-525 39 
G2-CPT-526 35 
G2-CPT-527 35 
G2-CPT-528 30 
G2-CPT-529' 100 
G2-CPT-530. 100 
G2-CPT-531 48 
G2-CPT-532 43 
G2-CPT-533 43 
G2-CPT-534. 100 
G2-CPT-535 48 
G2-CPT-536' 100 
G2-CPT-537 45 
G2-CPT-538 37 
G2-CPT-539 45 
G2-CPT-540 39 
G2-CPT-541 100 
G2-CPT-542' 100 
G2-CPT-543 43 
G2-CPT-544 37 
G2-CPT-545 45 
G2-CPT-546' 100 
G2-CPT-547 34 

Note: The CPT soundings marked by * shall be performed to 100 feet or 
equipment refusal. 

oudQ52 ' 
7-15 * 'Match, 8; 19% 
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TABLE 7-5 

SUMMARY OF ASTM PROCEDURES 

TEST NO. TITLE 

C88 

c535 

D75 
D420 
D42 1 

Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate 
Standard Test Method for Resistance to Degradation of Large-Size Coarse 

Practice for Sampling Aggregates 
Standard Guide for Investigating and Sampling Soil and Rock 
Standard Practice for Dry Preparation of Soil Samples for Particle-Size Analysis 
Determination of Soil Constants 

Aggreggce by AbiG.oi; L.,ijact Li hs l"$&c;-iic 

D422 
D698 
D854 
D1452 
D1586 
D1587 
D2216 

D22 17 

D2435 
D2487 
D2488 
D2573 
D2844 

D2850 

D2974 

D3080 

D3441 

Standard Method for Particle Size Analysis for Soils 
Laboratory Compaction Characteristics of Soil Using Standard Effort 
Standard Test Method for Specific Gravity of Soils 
Standard Practice for Soil Investigation and Sampling by Auger Borings 
Standard Test Method for Penetrometer Test and Split-Barrel Sampling of Soils 
Standard Practice for Thin-Walled Tube Sampling of Soils 
Standard Test Methods for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 
Standard Practice for Wet Preparation of Soil Samples for Particle-Size Analysis 
and Determination of Soil Constants. 
Test Method for One-D*ensional Consolidation Properties of Soil 
Standard Classification of Soils for Engineering Purposes , 

Standard Practice for Description and Identification of Soils 
Standard Test Method for Field Vane Shear Test in Cohesive Soil 
Standard Test Method for Resistance R-value and Expansion Pressure of 
Compacted Soils 
Standard Test Method for Unconsolidated, Undrained Compressive Strength of 
Cohesive Soils in Triaxial Compression 
Standard Test Method for Moisture, Ash, and Organic Matter of Peat and Other 
Organic Soils 
Standard Test Method for Direct Shear Test of Soils Under Consolidated 
Drained Conditions 
Standard Test Method for Deep, Quasi-Static, Cone and Friction Penetration 
Tests of Soil 

F\WPsl\GEOS@$PL\SEC.7 Marrh 9. 1995 948am 7-16 . .- 
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D3550 - 

D4044 

D4104 

D4 186 

D4220 
D43 18 
D4546 

D4643 

D4767 

D5084 

D5092 
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. .  

Standard Practice for Ring-Lines Barrel Sampling of Soils 
Standard Test Method for (Field Procedure) for Instantaneous Change in Head 
(Slug Test) for Determining Hydraulic Properties of Aquifiers 
Standard Test Method (Analytical Procedure) for Determining Transmissivity of 
Nonleaky Confiied Aquifers by Overdamped Well Response to Instantaneous 
Change in Head (Slug Test) 
Standard Test Method for One-Dimensional Consolidation properties of Soils 
Using Controlled-Strain Loading 
Standard Practices for Preserving and Transporting Soil Samples 
Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils 
Standard Test Methods for One-Dimensional Swell or Settlement Potential of 
Cohesive Soils 
Standard Test Method for Determination of Water (Moisture) Content of Soil by 
the Microwave Oven Method 
Test Method for Consolidated-Undrained Triaxial Compressive Test on 
Cohesive Soils 
Standard Test Method for Measurement of Hydraulic Conductivity of Standard . 
Porous Materials Using a Flexible Wall Parameter 
Standard Test Method for Design and Installation of Ground Water Monitoring 
Wells in Aquifers 

less. This is to provide properties of deeper soils which are required for evaluation of liquefaction, 
stability, and settlement of subsurface soils below the disposal facility. 

7.2.4 Phase III Well Installation 

7.2.4.1 Obiective 

Approximately four additional Type I wells will be installed during Final Geotechnical Investigation 

to further identify and quantify the lateral extent of zones of interbedded and interconnected granular 

materials in the till, and to further characterize the perched ground water. The additional wells will 

be installed in selected geotechnical borings to be completed in the Final Geotechnical Investigation. 

To avoid installing wells incapable of producing water and to maximize the usefulness of the 

additional wells, the locations of these wells will be selected based on field observations during the 

advancement of the geotechnical borings. The Lead FERMCO Geologist will determine the well 

location with approval from the OU2 Environmental Task Manager. 
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7.2.4.2 Well Construction 

Wells will be completed using 2-inch ID, 316 stainless steel riser and .010-inch slotted screen 2 to 5 

feet in length across the perched ground water interval. The screening interval will be determined by 

the Lead Geologist with approval from the OU2 Environmental Task Manager. Filter pack will be 

well-sorted quartz sand of 20-40 mesh (medium). A bentonite seal will be placed above the filter 

pack, and will be a maximum of 5 feet in length. The annular space will then be filled to 2.5 feet 

beiow ground surface with a siurry of voiciay grout. weiis wiii be deveioped after the grout surface 

seal has cured per the SCQ requirements. 

-- - 

A concrete cap and a 3 feet by 3 feet by 4-inch pad will be poured from 2.5 feet below surface. 

10-inch carbon steel protective casing 5 feet in length with a hinged lid will be lowered into place to a 

depth of 2.5 feet below surface. Protective casing lid will be stamped with the corresponding five 

digit well identification number using a standard metal stamping set. All wells will be surveyed by a 

State of Ohio licensed surveyor and their locations (Northing, Easting, and elevations) will be added 

to the Site-Wide Environmental Database (SED). 

A 

7.2.4.3 Well Development 

Wells will be developed according to the procedure (SRS-FO-OO5)Monitoring Well Development, if 

possible. If the well does not well recharge in a reasonable period of time to allow development of 

the well per procedures, the well will be bailed dry three times. 

Well development ground water will be collected in either a 55 gallon drum or a development/purge 

tank in a Ground Water .Monitoring truck, drums shall have the well identification number and.date 

development started. Each must be labeled as IDW water. IDW development water will be 

transported to the General Sump and discharged to the Great Miami River. 

7.2.4.4 Groundwater Measurements 

Ground water level measurements will be collected from each additional well at the time of 

completion and after well development. Ground water measurements will be collected on a weekly 

basis for a period of one month. Collection of ground water measurements will be conducted within 

a =-hour period of consistent weather conditions to minimize atmospheric and precipitation effects on 

ground water levels. Section K.4.2.1 of the SCQ outlines the procedure for taking water level 
/ /  t 

, I C  / '  J 
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measurements. Water level and bottom of well measurements shall be recorded to the nearest 

0.01 feet. 

Ground water measurements for five wells installed during Phase II of the Pre-Design Field 

Investigation will be monitored for a period not to exceed 5 working days to assess the influence of 

atmospheric effects on the perched ground water. A transducer attached to a data logger, will be 

placed in the well being monitored. Data will be collected until a sufficient number of readings have 

been made to clearly show a trend. The wells to be monitored shall be screened exclusively in the 

gray clay. The selection of the wells to be monitored will be determined by the OU2 Environmental 

Task Manager. 

7.2.5 PHASE 111 SLUG TESTING 

7.2.5.1 Obiective 

Point measurements of hydraulic conductivity in the glacial overburden will be obtained to further 

quantify the hydrogeologic conditions of the disposal facility footprint. Slug testing will be conducted 

on the 18 existing Type I wells installed during Phase 11 of the Pre-Design Field Investigation, and 

the Type I wells installed during the Final Geotechnical Investigation. 

All slug testing will be conducted in accordance with American Society for Testing and Materials 

(ASTM) Standard Test Method for (Field Procedure) for Instantaneous Change in Head (Slug Tests) 

for Determining Hydraulic Properties of Aquifers (D 4044), and performed under the policies and 

guidelines provided in the SCQ, Appendix J.4.6.2 procedures. 

In the event that a well has an inadequate water volume to complete’a slug test the well will not be 

slug tested. The OU2 Environmental Task Manager will make this determination. 

During the slug testing water levels will be monitored using pressure transducers and recorded with a 

data logger. Operation of the pressure transducer and the data logger will be in accordance with the 

manufacturer’s instructions. The pressure transducers will be installed no lower than 1 foot above the 

base of the well screen. Two or three data loggers (In Situ’ Hermit 2000 or equivalent) will be used 

along with pressure transducers attached to 150 to 200-foot cables on spools. 

F:\WPSI\GEOSAMPL\SEC.7 March 9. 1995 9 h  7-19 
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Slugs that will be inserted into the Pre-Design Investigation wells will have a nominal OD of 1-1/4 

inch. The slugs will be solid cylinders of known volumes, and each slug will have dimensions that 

allow it to occupy an interval no more than 1 foot above the base of the well screen and no less than 
1/2 foot below static water level once the water level has equilibrated. 

Since the pressure transducers will be in place before the slug in lowered into the well and will be left 

in piace after the siug is removed, care must be taken while lowering into and retrieving slugs from 

the test well. Striking or bumping the transducer, or a sudden pressure increase caused by dropping 

the slug into the well may damage the transducer. The slug will be lowered and retrieved from the 

test well with a white nylon rope. After each slug test is completed the nylon rope will be discarded. 

Each well will respond differently during the test. The length of a test may range from a few minutes 

to several hours. As specified in the SCQ Appendix 5.4.6.2 the test shall continue until the water 

level in the test well returns to equilibrium, or for slowly recovering wells, until a sufficient number 

of readings have been obtained to clearly show a trend on a semi-log plot of time versus water level. 

The readings can be recovered from the data logger during the test and will be recorded along with 

other pertinent information on the slug test forms included in this GSTP. 

7.2.5.2 Slug Test Data Analvsis 

Slug test forms will be submitted to OU2 Environmental Task Manager along with data logger field 

tapes and computer discs. Data from the slug tests will be analyzed using ASTM Standard Test 

Method for (Analytical Procedure) for Determining Transmissivity of Nonleaky Confined aquifers by 

Overdamped Well Response to Instantaneous Change in Head (Slug Test), D 4104. 

7.3 FIELD METHODS 

7.3.1 Subsurface Soil Samthg  

Soil borings will be drilled using a truck-mounted hollow-stem auger drill (see Table 7-5 for 

applicable ASTM drilling and sampling standards). Soil samples will be collected by split spoon or 

Shelby tube type sampler. After drilling and sampling is complete, each boring will be plugged with 

a non-shrinking (Type K) portland cement (see Appendix E) grout from the bottom to surface through 
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\ 
the hollow stem auger or via a tremie pipe; after grout has cured, a minimum of a 12-inch cement 

plug will be placed in the hole. 
. .  

Sampling will be conducted in advance of the hollow-stem auger described above, from six inches 

below surface to planned total depth. A Parson's geoligist/engineer will describe the soil in 

accordance with ASTM D2478 and record classifications on the lithologic log. A FERMCO 

geologist/engineer will direct the drill rig operator thoughout drilling operations and record activities 

on a Field Activity Log. All samples will be field screened with beta/gamma and photoionization 

detectors (PID), and values recorded by FERMCO radiological technicians. 

7.3.2 Shallow Excavations 

Shallow excavations/borings will be made using a backhoe or hand-operated power auger. Disturbed 

soil samples will be collected by hand using either a shovel, hand auger, or scoop. After 

excavating/drilling and sampling is completed, excavation will be backfilled with the removed soils 

and tamped down with the backhoe and borings will be plugged with a non-shrinking (Type K) 

portland cement (see Appendix E) grout from the bottom to surface. All samples will be field 

screened with beta/gamma and photoionization detectors, (PID), and values recorded. Excavations 

will either be backfilled or covered over and isolated when left unattended. A FERMCO 
geologist/engineer will direct the drill riglexcavation equipment operator thoughout drilling/excavating 

operations and record activities on a Field Activity Log. 

The topsoil will be used for organic content tests while the surface soil samples below the topsoils 

will be used for remolded permeability and standard proctor density testing. 

7.3.3 Cone Penetrometer Testing Method 

See Appendix I for the complete D3441-86 method. In summary, truck-mounted hydraulic pushing 

equipment is used to push a 1.5-inch diameter steel rod into the ground. Pressures, up to 40,000 

pounds, are used to push the rods while end bearing resistance and friction resistance are measured by 

transducers located at the tip. Rate of penetration is maintained constant at 2 to 4 feet per minute 

while the resistance is recorded by data logger equipment in the truck. 
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The ability of the CPT to define shear strength and lithological contacts will be assessed by collecting 

CPT data adjacent to existing borings where geotechnical data are available. Precision of the CPT 

will be assessed by conducting at least two pushes of the cone penetrometer within 5-feet of each 

other. CPTs will be calibrated by conducting at least two pushes within 5-feet of two different auger 

borings. The mechanical/electrical precision for the method is stated to be f 5 to 10 percent in end 

bearing resistance and 10 to 20 percent in friction resistance. This range of variance is acceptable in 

h e  caicuiaied shear strengrh since a safety factor of 1.5 to 2 is usuaiiy appiied to these data. 

. .  

The report from the penetrometer will include lithological interpretations based upon the shear 

strength encountered. The CPT holes will be abandoned by filling with a non-shrinking (Type K) 

portland cement grout (Appendix E). 

7.3.4 Waste HandlindDisDosal 

During the performance of this fieldwork, wastes in the form of drill cuttings, excavated soils, and 

decontamination wastes will be generated. Drill cuttings and excavated soils will be field screened 

during removal using Geiger-Miiller detectors and PID probes to assure that the cuttings are 

radiologically uncontaminated. The radiological monitoring results will be recorded by FERMCO 

radiological technicians. In addition, the areas where soil excavation is to occur will be monitored 

using Geiger-Muller detectors and PID probes prior to the initiation of excavation activities. 

Cuttings will be placedinto clean 55-gallon drums during boring operations. After each borehole has 

been grouted, drummed cuttings having a radiological activity monitored to be below 100 pCVg Total 

Uranium will be emptied in the area of the boring and spread over the ground surface. Cuttings 

having a radiological activity monitored by field instruments to be at or above 100 pCi/g Total 

Uranium will be disposed on-site in accordance with Removal Action 17 (Improved Storage of Soil 

and Debris) for later disposition under Operable Unit 5. Also, if redistribution of the clean soil is 

not feasible (i.e. due to a paved area, etc.), the soil will be emptied onto a controled stockpile. 

I 

Excavated soils will be temporarily stockpiled on plastic until backfilling operations begin. Excavated 

soils at or above 100 pCi/g Total Uranium will be disposed on-site in accordance with Removal 

Action 17 (Improved Storage of Soil and Debris) for later disposition under Operable Unit 5. 

However, areas of excavation will be monitored prior to excavation. If radiological surface 
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contamination is discovered to be at or above 100 pCi/g Total Uranium then the excavation will be 

relocated to an area that does not have radiological surface contamination at or above 100 pCi/g Total 

Uranium. 

Decontamination of drilling and sampling equipment will be performed at the Drilling Contractor’s 

Decontamination Area. Drilling equipment used within the FEMP restricted area or any large scale 

decontamination will be performed at the on-site Decontamination and Decommission Facility. Fluids 

and any solid materials generated will be handled in accordance with the normal operation of that 

facility’s contamination treatmekkontrol devices. Decontamination water generated at the Drilling 

Contractor’s Decontamination Area will be placed in the FEMP General Sump. 

Decontamination of the slugs, transducers, cables, and electronic water level probes will be performed 

in accordance with the Ground Water Monitoring Sampling Activities Procedure (SC-GWM-FO-20 1). 

7.3.5 Proi ect Surveying 

Land surveying will be performed at all cone penetrometer, drilling, and excavation locations. 

Surveying results will be approved and certified by a State of Ohio Registered Professional Land 

Surveyor. All surveyed locations will be accurate to the nearest 0.01 feet elevation accuracy. Survey 

points will be located to within 0.5 feet accuracy and integrated into the existing FEMP Geographic 

Information System (GIs), and incorporated into the site Geotechnical Data Base being developed by 

Parsons and into the Sitewide Environmental Database. 

7.4 GENERAL SAMPLING REOUIREMENTS 

7.4.1 Field OC Samdes 

Since no environmental sampling will be taken, field QC samples will not be collected during the 

Operable Unit 2 Final Geotechnical Investigation. The rationale for selection follow: 

No duplicate soil samples will be collected due to the lack of an effective field compositing 
technique which would produce meaningful data where discrepancies are considered a 
laboratory precision problem. 
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Container blanks will not be collected because containers used for sampling activities are pre- 
cleaned by the manufacturer and have a certificate of analysis for each lot of containers. 

7.4.2 Alternate Samuling Procedures 

The implementation of alternate sampling procedures could be necessary if any unanticipated problem 

developed during the field investigative effort. Alternate sampling procedures, or deviations , consist 

of either GSTP plan variance9 or GSTP non-con!~-mce-s. 

If it becomes necessary to deviate from a sampling standard operating procedure, such a deviation 

will be handled in the following manner: 

1. The field sampling technician or geologist will identify the need to deviate from the sampling 
plan or procedure. 

2. The technician will bring the problem to the attention of field crew management and make 
recommendations about how to best proceed with sample collection with minimal impact to the 
existing sampling procedures and project DQOs. 

3. Possible solutions and the impacts of the solutions on the project DQOs will be determined. 

4. A Variance Request Form (example in Appendix C) will be implemented which describes the 
nature of the variance, the need for the variance, and how variation from the GSTP will 
minimize or have no impacts to the project DQOs. 

5. QA will evaluate and approve the Variance Request. Verbal approval from QA will be 
received prior to implementation of the variance. 

6. The approved Variance Request Form will bec0me.a part of the overall project historical file, 
and will be reported in the f d  project report. 

GSTP non-conformances are defined as field or laboratory activities which have been completed, but 

are subsequently found not to have been performed according to the GSTP. A nonconformance may 

have a significant impact on the usability of field- or laboratory-derived investigation results. 

Resolution of a project non-conformance will be the responsibility .of the FERMCO Program 

Manager. 



6696 
Draft Gmtechnid Sampling and Testing Plan 

for Phase III of the Site-Wide 
Disposal Facility Field Investigation 

FEMP-OU2. Revision 1 
March 1995 

7.4.3 Samule EauiDment and Materials 

All environmental media samples will be collected with equipment which is functional, designed for 

the specific purposes of the sampling event, and properly decontaminated. Sampling will be 

accomplished with equipment which is constructed of nonreactive materials. 

Sampling containers will be composed of materials which are commonly used for the type of media to 

be sampled. All sample containers will be of the volume necessary for laboratory analysis purposes. 

Appendix D lists equipment typically used per type of sampling activity. 

7.4.4 EauiDment Decontamination 

All drilling and media sampling equipment will be decontaminated to Level I in accordance with 

Appendix K of the SCQ specifications. 

7.4.5 

Sample containers will be pre-cleaned by the manufacturer and will be accompanied by a certificate of 

analysis. The sample container types and preservative requirements are specified in the FEMP SCQ 
and are summarized in Tables 7-2. Sample volumes will be consistent with the contract laboratory 

requirements. 

Sample Volume. Containers. and Preservation 

7.4.6 SamDle Collection Documentation 

The collection of soil and subsoil materials are documented on the following forms: 

Lithologic Log 
Sample Collection Log 
Site-Wide Analysis RequestKustody Records 

Examples of these forms are shown in Appendix C. 

In addition to these forms, daily field activities are recorded on the Field Activity Log form. This 

form is included in Appendix C of this report. 

c 
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7.4.7 SamDle Collection ReDorts 

No specific sample collection field reports are proposed for this project. Rather, the information 

contained in the field forms specified in Section 7.4.6 of this report.serve as the basis for 

documenting all significant aspects of the sample collection activities. 

Upon completion of the project, all significant task related information, including copies of field 

forms and laboratory related forms, including analytical results of samples taken, are included in a 

Task Closure Report. This report is initiated by the SC/DM Department of the Environmental 

Technical Services Division, and will be sent to Operable Unit 2 for their records. 

7.5 SAMPLE MANAGEMENT 

7.5.1 SamDle Identification and Labeling 

A unique sixdigit sample number will be assigned to each sample collected by SRS. Each sample 

container will also be affixed with a sample label containing, at a minimum, the information specified 

on Form 7-2, Appendix B of the FEMP SCQ. 

7.5.2 

Sample custody procedures as outlined in the FEMP SCQ will be observed throughout the sample 

handling process from field collection to shipment or delivery of the samples to the laboratory. The 

Site-Wide Analysis Request/Custody Record (SWAR/CR) will be completed for all samples delivered 

to the on-site sample processing laboratory. 

Sample Chain of Custodv Records and Field Data Documentation 

In addition to the custody records, a Sample Collection Log will be completed which summarizes all 

samples collected from a single borehole or well. A Groundwater Quality Report will be prepared for 

each well sampling event to document the well purge data and groundwater conditions prior to sample 

collection. A lithology will be completed for soil borings when appropriate. Furthermore, all field 

investigation work is documented in detail on a daily basis using the Field Activity Log 

(see Appendix C). 
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7.6 FIELD EQUIPMENT METHODS 

7.6.1 Calibration of Field Eauipment 

Field equipment to be used during this investigation is divided &to the categories of health and safety 

monitoring and field screening and monitoring. At a minimum, all equipment will be operated and 

calibrated according to the equipment manufacturer’s specifications. All instruments are calibrated to 

manufacturers’ specifications. Written logs of equipment calibration are maintained by the 

appropriate personnel in charge of performing the instrument calibrations. ‘ 

7.6.2 Documentation of Calibration 

Separate logbooks are kept for each type of instrumentation. The logbooks contain a history not only 

of the instrument calibration but also of any unusual or irregular problems noted during the use of 

that particular instrument. Four separate documents are used to record calibration of instruments. 

Appendix C contains examples of the calibration documentation. 

The forms are labeled as follows: 

Water Quality Field Collection Report 

Instrument Calibration Log 

Field Activity Log 

7.7 LABORATORY METHODS 
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Geotechnical testing performance requirements shall be used as guidelines for evaluathg laboratory 23 

capability to provide specific analytical services to the FEMP. Audits shall be performed to verify 

laboratory performance using the performance evaluation sample results specified in Appendix E of 

the SCQ. 

7.8 Sample Testing 

Sample testing will be performed in accordance with the guidance and requirements contained in the 

FEMP SCQ. This task consists of sample management; quality control; and data reduction and 

reporting. These subjects are discussed in detail in the SCQ. Geotechnical samples will not be 

validated and will comply with the standards listed in Table 7-5. 
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Sample management and control will be in accordance with Section 7 (Analytical Laboratory Sample 

Custody) of the SCQ. Sample custody will be maintained and documented from the time of collection 

through analysis. Appropriate records will be maintained in the chain-of-custody process for sample 

tracking and control during shipment. 

Data reduction and reporting for each ASL will be in accordance with Section 2.3.3 (DQOs) of the 

SCQ. Numerical analysis, including manual calculations, mapping, and computer modeling, will be 

documented and subjected to peer review. 

Once the samples are collected and sent to the appropriate laboratory for analysis, field information 

will be received by SRS to verify that all required field information is complete and accurate, and the 

information will be forwarded to Data Quality Management if the analyses generated for the task are 

either ASLs C, D, and/or E. Field records generated for ASL B analyses will be forwarded to Data 

Quality for field validation. 

The laboratory will then analyze the samples per the requirements set forth in the GSTP. After the 

laboratory has analyzed the samples and verified that the quality of the data meets the requirements 

of the analytical method, and that all deliverables are included, the data will be delivered to Parson’s 

representatives to perform the following tasks: 

Verify that all required deliverables have been received; 

Verify that contract performance requirements have been met. These contract performance 
requirements will be identified in the GSTP; 

Enter data into the SED; and 

Copy data packages and deliver them to Data Quality Management personnel. The original of 
the data packages will be stored in a secure location. 

Confrm with an initial screening that the appropriate information is present; 

Log the package into a tracking database; 

Ensure that all QC information required to qualify data is present with supporting documents 
which can impact qualification of data from the laboratory. 
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GEOTECHNICAL INVESTIGATION 
ON-SITE DISPOSAL FACILITY 

(Put an X in the appropriate selection.) 

RI 0 FS RD 0 RA 0 RJ4 OTHER P'I Specify: Geotechnical 
Investigation 

A 

1.C. DQO NO.: DQO Reference No.: 

2 .  Media Characterization: (Put an X in the appropriate selection. ) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Air Biological 0 Groundwater 0 Sediment cl 
soil IXI Waste 0 Wastewater 0 Surface water 0 
Other (specify) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(Put an X in the 
( s )  beside each _ _  - 

applicable Data Use. ) 

Site Characterizati,on Risk Assessment 
A D  B U C O D O E O  A n  B O C C ] D O E O  

Evaluation of Alternatives Engineering Design 
A n  B O C O D O E O  A n  B I X I C n D U E U  ~~ 

Monitoring duri,ng remediation activities Other (Explain) 
A n  B O C O D O E C ]  A n  B O  C O D O E O  

CRU2 Feasibility Study preferred alternative, and State of Ohio 
landfill siting regulations. If the pre-design siting study 
identifies this area to be a suitable location, then this data will 
be utilized in the DOE Title I/Title I1 design and DOE Title I11 
construction oversight. 

The information generated by the geotechnical investigation study 
along with the available data will be used to perform the detailed 
design including the stability and anticipated performance 
evaluation of the subject disposal facility which are pivotal to 
the remediation of the FEMP. 
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The in - s i , t u  t e s t i n g  and s o i l  sampling w i l l  occur i n  an area on t h e  
east boundary of t h e  FEMP t h a t  measures approximately 800 f e e t  wide 
by 4 , 3 2 0  f e e t  long, with the  long edge p a r a l l e l  with t h e  east 
boundary of t h e  s i t e .  The s i t e  is  r e l a t i v e l y  f l a t  and covered w i t h  
grass. 
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DQO Number: 

analyses required. Then select the type of equipment to 
perform the analysis if appropriate. Please include a 
reference to the SCQ Section.) 

1. 

4 .  

PH 
Temperature 
Specific Conductance 
Oil/Grease 
Dissolved Oxygen 
Silica 

Cations 

Anions 0 
TOC 0 
TCLP 
CEC 
COD 

0 
0 
0 

0 2. Uranium 
0 Full Radiologic 
0 Metals 
0 
0 
cl 

Cyanide 

5 .  VOA 

ABN 

Pesticides 
PCB 

0 
0 

3 .  BTX 0 
TPH 

0 
0 

0 6 .  Other 

Geotechnical; See 
Attachment 

(specify) 

. . . . . . . 

Equipment Selection Refer to SCQ Section 

ASL A SCQ Section: 
ASL B See GSTP SCQ Section:5.3.3 
ASL C SCQ Section: 
ASL D SCQ Section: 
ASL E SCQ Section: 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(Put an X in the appropriate selection.) 

Biased Composite 0 Environmental 0 Grab 
Grid 0 Intrusive El Non-Intrusive Phased 0 
Source 0 
Other (specify) : 

. ' ' 8 ' : '  c . &OQrjs' 
, .  , . .  . . . _. ., . , :.:, . .I. . 
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DQO Number: 

(List the samples required. 
I1 of the Site-Wide Disposal - 

Facility Field Investigation) 

Background samples: SamDles have been Dreviouslv collected from 
this area. 

(Please provide a specific 
subsection guiding sampling 

c n l  1 - m t 4  n- - - -m-A.- - - -  1 
b V I I C Z b L A V A I  p A W b G U U L G 0 .  I 

Sample Collection Reference: ADDendix K 

(Place an I1X1I in the 

. . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  . . .  

Trip Blanks 0 Container Blanks 
Field Blanks Duplicate Samples 
Equipment Rinsate Samples 0 Split Samples 
Preservative Blanks 0 Performance 
Samples 0 
Other (specify) 

............... . . .  . . . . . . . . . . . . . . .  . .  

Method Blank 0 Matrix Duplicate/Replicate 
Matrix Spike 0 Surrogate Spikes ' 

appropriate 

0 
0 

Evaluation 

0 
Other (specify) 

Please provide any other germane information that may 
data quality or gathering of this particular objective, 

task or data use. 
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DATA QUALITY OBJECTIVE LOGIC FLOW 
GEOTECHNICAL INVESTIGATION 
ON-SITE DISPOSAL FACILITY 

1 Problem Statement 

CRU2 has been tasked to manage the DOE Title I/Title I1 design and 
DOE Title I11 construction oversight for a proposed on-site 
disposal facility. This will require a geotechnical investigation 
study to provide data to be used in conjunction with the data 
generated during the pre-design field study to characterize the 
geotechnical properties of the potential site of the facility. 

Using all available information, a potential site which is located 
on the eastern portion of the FEMP has been established for the 
disposal facility. This site is approximately 800 feet by 4,320 
feet in size and is sufficient for the layout of a facility capable 
of handling 2.5 million cubic yards of material. An additional 
section approximately 800 feet by 780 feet in size is also 
considered north west of the original facility area as potential 
expansion areas. This geotechnical study is intended to 
investigate both the disposal facility and the potential expansion 
area. 

As part of the geotechnical investigation study, geotechnical 
sampling and in-situ testing will be conducted to determine the 
geotechnical properties of the subsurface soils. The collected 
data in conjunction with available data will be used for detailed 
design, stability evaluation, and anticipated performance of the 
disposal facility. 

2 Identification of a Decision that Addresses the Problem 

The information generated by the geotechnical investigation study 
along with the available data are essential in determining the 
geotechnical properties (including the strength, compressibility, 
and hydraulic conductivity) of the subsurface soils in. the 
footprint of proposed cell and its potential expansion areas. This 
information is necessary in order to perform the detailed design 
including the stability and anticipated performance evaluation of 
the subject disposal facility which are pivotal to the remediation 
of the FEMP. 

3 Identification of Inputs that Affect the Decision 

To develop design parameters, and evaluate stability and 
anticipated level of performance of the disposal facility, the 
geotechnical properties of the subsurface soils need to be known. 
Based on review of existing geotechnical data, known variability of 
geotechnical parameters, and engineering judgement, it has been 
determined that a total of 16 soil borings, 40 cone penetrometer 
tests (CPTs), and 16 shallow borings/excavations are needed. These 
additional samples are needed in order to develop the required 
geotechnical data for design. This number of soil borings and CPT 

.. , d !  f"" ~ ,.- 
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TEST TYPE STANDARD 

-Moisture Content, MC ASTM D2216 

-Moisture Content, MC, ASTM D4643 

-Unit Weight, UW EM100-2-1906 
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NO. OF 
TESTS 

76 

18 

48 
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will provide sufficient information, when used in conjunction with 
existing information, to adequately determine geotechnical 
properties of the soils for the detailed design purposes. In 
general, the in-situ testing and sampling will be conducted in a 
manner to accurately determine the soil properties from the surface 
to approximately the bottom of the till. However, at isolated 
locations outside the footprint of the disposal area, the CPT and 
borings may extend to depths of about 80 to 100 feet. Three of the 
borings are designated to be performed to depths of about 80 feet. 
This is intended to provide properties of deeper soils which are 
required for evaluation of both liquefaction and settlement of 

The soil borings are intended to provide undisturbed and disturbed 
samples for log preparation and laboratory testing. Additionally, 
as part of the soil borings, Standard Penetration Test (SPT) blow 
counts will also be collected in both cohesive and granular soils. 
SPT values in cohesive soils will provide a measure of the soil 
consistency and strength values. In granular soils, SPT blow 
counts will provide a measure of the soil density and strength 
values. SPT values in granular soils will also be used in 
estimating the liquefaction potential of the saturated zones. The 
planned depth of each of the geotechnical borings along with 
tentative sampling type and depths are provided in the attached 
GSTP. Split spoon and Shelby tube samples will be collected 
alternately at intervals of about 2.5 feet to a depth of about 20 
feet and then at intervals of 5 feet to the bottom of the boring. 
The Shelby tube or Denison samples will be used to collect material 
for tests that need undisturbed samples; e.g., consolidation, 
triaxial shear, and permeability. Split spoon samples will be used 
to collect material for the other tests; e.g., grain size, 
Atterberg limits, and moisture content. 

The shallow borings/excavations are intended to provide bulk 
samples of topsoil (upper 18 inches) as well as the subsurface 

. soils (from 1.5. to about 5 feet) which are intended to be used as 
liner material. The topsoil samples will be used for organic 
content tests while the surface soil samples below the topsoil. will 
be used for remolded permeability tests. The planned depth of each 
shallow borings/excavations along with tentative sampling depths 
and laboratory tests are provided in the GSTP. 

-..L .c--f- a u u a u L ~ a ~ c  soils below the disposal f ~ ~ i l i t y .  
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1 -UU Triaxial ASTM D2850 

Undisturbed sample, W 
Remolded, Wet of optimum 
moisture, W, 
Remolded, 85% relative 

I 

compaction, Wfl 

-CU Triaxial (w/pp) : ASTM D4767 
Undisturbed sample, CU 
Remolded, Wet of optimum 
moisture,' Cur 
Remolded, 85% relative 
compaction, CU,, 

-R-value, R ASTM D2844 

-Standard Proctor, SP ASTM D698 

-Hydraulic Conductivity: ASTM D5084 
Undisturbed sample, P 
Remolded sample, P, 

-Organic Matter, OC ASTM D2974 

-Soundness, S ASTM C88 

-Abrasion, A ASTM C535 
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-Grain Size/Hydrometer, GS 

-Specific Gravity, SG 

-Atterberg Limits, AL 

-Consolidation with time readings: 
Undisturbed, Natural moisture, 
CON 
Undisturbed, Saturated condition, 
CON, 
Remolded, Wet of optimum 
moisture, CON, 
Remolded, 85% relative 
compact ion, CONdc 

ASTM D422 

ASTM D854 

ASTM D4318 

ASTM D2435 

99 

14 

63 

11 

5 

5 

11 

17 
5 

3 

13 
5 

2 

3 

16 

8 
14 

42 

5 

5 

Moisture content, unit weight, grain size, specific gravity, and 
Atterberg limits are primarily used for soil' identification and 
classification purposes. Consolidation tests are performed to 
develop parameters needed for estimating the settlement of the 
subsurface soils below the facility as well as the disposal 
facility itself. Triaxial tests are performed to develop strength 
parameters needed for bearing capacity and stability evaluation of 
the foundation soils as well as stability of the facility itself. 
R-value tests are performedto develop parameters needed for design 
of roadway sections. 
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Standard proctor tests are performed to develop parameters needed 
for preparation of reconstituted samples as .well as compaction 
control during the construction. Hydraulic conductivity tests are 
performed to define the permeability characteristics of the in-situ 
soils as well as the potential liner materials. 

Organic matter tests are performed to estimate organic content of 
the topsoil to aid in assessing the potential settlement of the 
wasted topsoil due to its decomposition. 

Soundness and abrasion tests are performed to evaluate the 
durability of the riprap materials. The source of the riprap will 
he a I n c a l  quarry7 

The CPTs are intended to provide continuous stratigraphy 
information as well as strength data for engineering evaluation and 
analyses. Dissipation tests will also be conducted at selected 
locations to estimate in-situ soil horizontal permeability in 
saturated zones. Additionally, the CPT data are used to 
interpolate soil properties between samples as well as borings. 
The planned depth of each of the CPTs are provided in the attached 
GSTP. Fifteen of the CPTs are designated to be performed to depth 
of about 100 feet or refusal, whichever is less. This is to 
provide properties of deeper soils which are required for 
evaluation of liquefaction, stability and settlement of subsurface 
s o i l s  below the disposal facility. 

Perched groundwater is suspected to be contaminated in selected 
locations. To prevent cross contaminating the regional aquifer the 
bottom of the glacial overburden (till) will be estimated from 
kriged surfaces and the CPTs will terminate about 5 feet above the 
estimated bottom of the till. After the CPTs are completed, they 
will be filled with expansive Type K grout. None of the deep CPTs 
are in known areas of contamination. 

The information gathered from the sampling is intended to be used 
by personnel qualified and experienced in conducting site 
investigation and disposal facility design and evaluation. 

4 Specification of the Domain of the Decision 

The in-situ testing and soil sampling will occur in an area on the 
east boundary of the FEMP that measures approximately 800 feet wide 
by 4,320 feet long, with the long edge parallel with the east 
boundary of the site. In-situ testing measurements and 
geotechnical samples will be collected from the brown clay (from 
the surface to a depth of about 15 feet) and the grey clay (from a 
depth of about 15 feet to 30 feet) and in selected locations from 
soils below the depth of about 30 feet using CPTs, as well as 
Shelby tubes and split barrel samplers. An electric CPT rig will 
be utilized to advance the CPTs while and auger drill rig will be 
used to collect the Shelby tubes and the split barrel samples. The 
tentative locations of the CPTs and soil borings are shown on 
,Figure 1 of the GSTP. These locations were selected based on the 
existinu available information in order to produce the 
represeGtative subsurf ace soils' properties and geotechnical data 
witfiin the footprint of the proposed disposal facility. 

(-J (j 0 8 pJ=s 
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5 Development of Logic Statements 

The result /of the in-situ and geotechnical sampling and testing 
will be summarized in the geotechnical investigation report. The 
information obtained from this investigation will assist CRU2 in 
detailed design of the subject disposal facility. The primary 
objectives of the in-situ testing, and geotechnical sampling and 
testing are as follows: 

- Define the geotechnical properties of subsurface soils at 
the Disposal Facility site and provide geotechnical 
design parameters. These parameters will be used for 
subsequent bearing capacity, settlement, and stability 
analyses of the native soils under the Disposal Facility 
area. 

- Provide geotechnical properties and parameters for 
reconstituted clay samples intended for construction of 
the lining material and the perimeter dikes for overall 
stability and settlement evaluation of the Disposal 
Facility. 

- Provide geotechnical properties and parameters for 
subsurface native granular soils for potential 
liquefaction evaluation of materials below the Disposal 
Facility footprint. 

- Provide geotechnical properties and parameters for the 
topsoil and materials similar to the-intended waste 
materials for overall settlement evaluation of the 
Disposal Facility contents. 

of the native clay soils below the Disposal Facility 
footprint. 

- Provide information regarding the hydraulic conductivity 

- Provide information regarding the hydraulic conductivity 
of the reconstituted clay sampl.es intended for use as 
lining materials. 

- Report on any relevant geotechnical findings or 
observations made during execution of the work that may 
affect the geotechnical aspects of the design, 
construction and performance. 

Establishment of Constraints on Uncertainty 6 

The purpose of this step is to define possible decision errors 
based on study findings. A false positive error would 
indicate that the subsurface materials have properties more 
conducive for cell construction. This would have an impact on 
location selection and design parameters. This could result 
from laboratory or analytical testing errors, 
misclassification of soil in the field or by missing a 
significant granular pathway during the field investigation. 
The consequences would be that a false positive would -be 
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discovered during construction or post-construction 
monitoring. This would result in a reduced factor of safety 
or a design upgrade. 

A false negative would indicate that the soil has unacceptable 
properties; therefore, creating the need for using off-site 
material , over designing the disposal cell, or eliminating the 
possibility for an on-site disposal facility. 

The impacts of a false positive or negative (in order of 
importance) : 

1.1 cast  
2 .  ) credibility 
3.) social 
4. ) ecological 

To minimize the possibility of errors, all of the procedures 
will be conducted by qualified personnel. The analysis shall 
adhere to the appropriate FEMP ASLs of quality control 
criteria as specified in the Site-Wide CERCLA Quality 
Assurance Project Plan (SCQ). The required ASLs for this 
study are level B. 

In the event that a boring cannot be completed, a new boring 
will be started a minimum of five feet from the previous 
unsuccessful boring. If a boring cannot be successfully 
completed,. it is likely that results from other sampling 
locations will serve as an effective substitute. 

7 Development of a Cost-Effective Design for Obtaining Data 

Geotechnical sampling and analysis will be performed in 
accordance to ASTM ,standards under a quality program which 
meets NQA1, QL3 requirements to assure quality results for 
design of the disposal facility. The ASL for all geotechnical 
testing will be ASL B. All data will be checked by the 
engineer in accordance with approved design procedures and SCQ 
requirements. 

Records documenting geotechnical laboratory equipment 
calibration will be maintained and included in the project 
records. Observed variability of results may result in a 
raise in the factor of safety in accordance with engineering 
practices. Any sample which retrieves an adequate quantity 
and acceptable configuration of material will be considered a 
successful sampling event. 

8 Summary 

The primary objective of this sampling and analytical effort 
is to facilitate the selection of location and design of an 
on-site disposal facility. 
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The geotechnical tests of concern are listed in the table in 
Section 3. The samples will be collected and tested in 
accordance with engineering procedures which meet the 
requirements of the SCQ and NQAl,QL3 protocols. A1 1 
geotechnical testing will be ASL B. 

I' 
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TI t le:  UNEXPECTED DISCOVERY OF CULTURAL RESOURCES 

DOCUMENT NO: SSOP-1070 
REVfSION NO: 0 

1 .o 

> 2.0 

3.0 

fuiw 
Thls procedure provides the m t k o d  by w h t c h  Fernald Envlronmental 
Restoratlm Managerxnt Corporatlon (FERHCO) or sub-contractor personnel 
shall nottfy the FEMCO Cultural Resource Coordtnator (CRC)  withln the 
Envlronmental PI annfng Department of the Regulatory Programs Dfvlslon o f  
the unexpected discovery of Cultural Resources durlng drl11lng Or any other 
ground dlsturblng actlvltles at t h e  fernald fnvlronsental Managenent 
Project (TEfiP) o r  beyond I t s  boundarles. 

xm 
Thls procedure applies to a l l  FEHP and subcontractor personnel. 
procedure addresses a l l  ground dlsturblng actlvltles fn process at the FEMP 
and Is applicable to all FEHP, subcantractor and tetmlng partner personnel. 

Thls 

EEuimas 
R e s w e  Coo or Cm - The FERMCO person in charge o f  

mqnaglng cultural res%% a t  the F E W .  

object  included I n  or e l tg lb le  for  lncluslon on the National Register  o f  
Historlc Places. Such Items Include artifacts, records, and remalnr t h a t  
are related to a dlstrtct, sIte, buitdlng, structure, or object. 

- Any prehistorlc distrfct, bultdfng, structure9 or 

Froun tupbinq Activi ty  - Any activity t h a t  disturbs the ground elther 
on th%? slte or on adjacent property. Examples o f  ground dlsturbance 
Include strlpplng of topsoll , drllllng wells, road Improvements, etc. 

mld Pets- - FERnCO o f  Subcontractor employees that are conducttng 
ground disturblng activities. 

Hlrtoric ProPerties - Any hlstoric or prehistorlc slte, structure* or 
object.  

= ! c t i v i t i e s  such as Construction Engineer, 
Constructton Coord4nator or Project Engfnetr. 

for enforcement of the  Notlonal Hlstoricrl Preservation Act. 

l e  f le ld  ' s t a t l v e  - The employee deslgnated wlth 

t e  HI storlc Preservatlon Office - The state authority responslble 

lI-1 
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I 

DOE-FN ~ tural Rerwces  Poi o t  of  Contact 

Nottf ies  FEWCO o f  authoriratlon t o  proceed wi th  work. 

a1 PI ann t n w a s e r '  

Notif ies  DOE-FN o f  unexpected cultural resource dlscovery. 

Coord!nates mltlgation. 

Preh t s tor I c/HI s tor i  c Assessment Report. 

Lul tural Resource C o o m a t o  r C C f Q  

Coordinates Cultural Resource Managenent Program. 

Noti f ies  Environment P1 annfng Hanager o f  unexpected cultural resodrce 
discovery .  

Cornpletes and slgns Pre-hfstortcfHlstorlc Assessment  Report. 

Assists in con!plet ton and  s i g n s  unexpected cultwal resource discovery 
fo rm.  

Coordinates m i t t g a t l o n .  

* Stops work upon discovery o f  a cultural resource. 

Notifies CRC upon dlscovery o f  a cultura? resource. 

Completes and signs Unexpected Cultural Resource Of  scovery form. 

5 .0 

The Hattonal H i s t o r i c  Preservation Act (36 CFR 600, Sectlon 106) require 
Federal agencles t o  take into account t h e  e f f e c t s  of their actions on 
Properties that  are on, or e l l g l b l e  for  inclusion on, the National Regi! 
o f  Histor ic  Placer L i s t .  T h i s  l i s t  includes undiscovered resources as I 
as distr ic ts ,  sites, bulldtngs, structures or objects .  



. .- r . .  

. . .  . .I , .. - 

I 5 . D  $E&= (cont .) 

To conply w i t h  sectlon 106 and due t o  the  large nurber o f  hfstoric a n d  
archaeologica l  resources exlsttng In the area, consultation was requested 
by the Department of Energy (DOE) from the State Hlstorlc Preservation 
Offlce (SHPO) concernlng proposed remedlal activlty at t h e  FEMP.' l h l s  
consul tatlon resul tad i n  an agreeinent tha t  any glenned surface disturbance 
act!v . ( t les  ln non-controlled areas at the FEMP must be preceded by a 
cultural resources survey t o  determine the ex1 stence o f  potenti a1 ly 
sjgnlficant historic or archeological resources. 

Any records result Ing fro3 t h l  s procedure shall be. archived wl t h  the CRC 
program and made available on a "need to know" basls as s p e c l f f e d  3n publlc 
law (PL)  96-95. 

All discoveries, historic and p r e h i s t o r i c ,  shall be included i n  the 
Cultural Resource Managenent Plan (Draft). 

6.0 

None 

7.0 eBpCfoUqf c 

I 7 . 1  HANDLING THE DISCOVERY OF A CULTURAL RESOURCE 

FIELD PERSONNEL 

1. Upon discovery o f  any historic, pre-hlstorlc, or archaeologlcal 
s l t e ,  feature ,  or object ,  cease a l l  ground dlsturblng actlvlty 
and contact the responslble Fteld Reptesentatlve. 

RESPONSIBLE FIELD REPRESENTATIVE 

2 .  Imedfately report the dlscovery to the Cultural Resource 
Coordinator and the responsfble CRU Dlrector  o r  Dlvlslon 
Hanager . 

3 .  Complete the Unexpected Cultural Resources DI scovery form 
(Figure 1 )  and log I t  in to  the Field Activi ty  Dally Log. Submit 
the Oiscovery form and a copy o f  the  Field ActlvIty Dally Log t o  
the CRC. 

m: Proper Document Control Procedures must be followed. 

JI-3 . .  
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~= oudos5 " Flguie 1 - Unexpected Cultural Resources Discovery form 
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~ ~ 

Tltlt: WXPECTED DISCOVERY OF CULTURAL ~ S W E $  

DOelmEN? NO: SSOP-1070 
REVISION NO: 0 

fffectfve Date: 03-31-94 

I 

7 

Page 6 of 8 
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7 . 1  H A h ' D b I M  THE DISCOVERY OF A CULTURAL RESOURCE ( a n t . )  

CULfUFUb RESOURCE CWPSIMTOR 

4 .  Verbally report the  discovery' t o  t h e  Envlronsentrl Planntng 
Department Hanager. 

5.  Complete and r lgn a Prehlstorlc/Hlstoric Assessment Report using 
the format ptovjded (Attachment A ) .  

Datemine whether an'on-call CUI turrl Resources Subcontract or 
wtll be used. 

6. 

7 .  Report the assessment to the Cnvlronaantrl Plannlng Department 
Manager. 

WIRM4DCTAL PUUINSNC DEPARfRDlT W C E R  

8. 

9 ,  

Sign t h e  Prehistoric/Hittorlc Assessinant Report., 

Verbally contact the DOE Cultural Resource Polnt of Contact and 
f o l l o w  up w i t h  the signed Prehistortc/Hlstoric Assessment 
Report. Include a copy of  the completed Unexpected Dlscovery of 

, Cultural Resources form. 

DOE CULTUFUL RESOURCE POSH OF COWACT 

10. Contact .the Sthte Hlstorlc Preservation 'Offlce and galn 
concurrence for t h e  mltfgation procedure t o  be fo l lowed,  if any. 

CULtutuL RESOURCE COORDINATOR 

11. Secure the cultural resource area untll notlfled by DOE. 

12. Coordlnatt any further mitlgatlon efforts through an on-call 
Subcontractor or through EPD. 

CONSTRUCTION , 

13. After receipt of wrttten notification from the DOE, direct field 
personnel to proceed w l t h  ground rctivltler I n  the affected 
area. 

II-5 
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8.0 

8.1  DRIVERS 

Archeologlcal rnd H l s t o r l c  Act of 1974 

Natlonal Historic Presetvrtlon A c t  of 1966, lis amended 

Ratlve American Craves and Repatriation A c t  o f  1990 

8 2 REFERENCES 

36 CFR 800, Sectlon 106: 'Protectlon of Hlstorfc Properties" 
6 'Secretrry o f  t h e  Interior Standards and Guldelines f o r  

Archaeology and Hlrtoric Preservation' 
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EXAMPLE FIELD FORMS 
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FEMP SAMPLE COLLECI'ION LOG - SAMPLE CODES 

.. 

DESIGNATION CODE 
SAMPLE TYPE CODE Wt&!XRVAIIVE CODE 

l, 

Pop HCItopH < 2 I! QlO Matrix Spika 

PI0 HCIto IS Matrix Spika/Matrix Spike Duplicate 11 QI I ! 
II I tu PI1 HNO, to pH < 2 

MI22 Solid(Unltn0wn) PI2 HNO,to I %  

PI3 HNO, to pH <'UCad, CC 

PI4 NaOHtopH > 12/Cool,~C 

I .  

I 



. . .  
e . . . . . . . . . . . . . . . . . . . . . . , . . . . . . .  

No.: 

NG TEAM CETER: 

LE OESCAIPTIOH ’ 
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INSTRUMENT i-I I 
BACKGROUND I OATE I nu€ NOT'S 

I 
I 



.................................... 
DGE No.: 

I---- I -- 

TOTU DEPTH m: 
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VARIANCE REQUEST 



FERNALD 
WVFS 6696 * 

VARIANCE LOG 

PROJECT NUMBER 

PROJECT NAN€ 
PAGE -OF,-, 



NONCONFORMANCE REPORT 

I 

L.' 

CORRECnVE ACnOH 1AKU.I: 
t 

PERFORMED BY: O A h .  - 
VERIFED BY: D A E  - 

Approved 8s D O  
C C  
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WEEKLY cmBunoN LOG GROUNDWATER 



PHOTO IONIZATION DETECTOR INSTRUMENT USAGE AND CALIBRATION LOG 

UNIT NUMBER: PROPERTY/MODELNUMBER: 

PPM MAX ' RESPONSE 
SPAN PPM FACTOR 
GAS RDE 

UNIT TYPE: LAMP VOLTAGE: 

HOURS 
OF USE 

DA TE/TIME 
OUT 

DA TE/TIME 
RETURNED 

NOTE: CUMULA TIVE USE IS NOT TO EXCEED __ HOURS (CLEANING REQUIRED) 

TECH. CALIB. 
NAME BY 

-I 

- /  

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

II I I I 
I I I 

1 

' /  / 1 

PROJECT# 
/CHARGE # 



APPENDIX D 

EQUIPMENT LIST 



REQUIRED DOCUMENTS 
SUPPLIES 

Penetration Permit 
Project Specific Health 

and Safety Plan 
FEMP Work Permit 
Flame Permit 
Radiological Worker Permit 
Training Certification Card 

Equipment Inspection 

Project-Specific Plan 
Chemical Hazardous Materials 

' Radiological Survey 

Station 

Work Permit 

BLANK FORMS 
Tailgate Safety Meeting 
Field Activity Log 
Sample Collection Log 
Site-Wide Analysis Request/ 

Chain of Custody 

SAMPLING SUPPLIES 
Containers 
Sample Labels 
Permanent Indelible Markers 
Custody Tape 
CPT Sample Extractor 
Sampling SpoonslKnives 

METERSDETECTORS 
Beta Gamma Detector (Frisker) 
Photoionization Detector (PID) 

TAPES & PLASTICS 
Silver Duct Tape 
Yellow Radiological Tape 
Clear Tape 
Roll of Clear Plastic 
Custody Tape 

6696 + 
Draft Gemechical Sampling and Testing €Ian 

for Phase Ill of the Site-Wide 
Disposal Facility Field Investigation 

FEMP-OU2, Revision 1 
March 1995 

PROJECT EQUIPMJ3NT LIST 

MISCELLANEOUS TOOLS 

Scissors 
Screwdriver 
Hammer 
Box Knife 
Tape Measure/Yardstick 
Carpenters Level 

EXCLUSION ZONE SUPPLIES 
Caution Tape 

Wooden Stakes 
DangedCaution Signs/Flags ' 

- 

F\WPSl\GEOSAMPL\SEC.D March 9. 1995 10:16am D- 1 

DECONTAMINATION SUPPLIES 
Stainless Steel 5-Gallon Pails 
Alconox 
Elbow-length Nitrile Gloves 
Brushes 
Stainless Steel Water Sprayer 
Deionized Water 
Clear Plastic Sheeting 
Chemical laboratory wipes , 

PERSONAL 

Water Dispenser 
Paper Cups 
Drinking Water \ 

Ice 

EMERGENCY SAFETY 
SUPPLIES/EQUIPMENT 
Radio 
Emergency Eyewash 

First Aid Kit 

PERSONAL PROTECTION EQUIPMENT 
Cotton Coveralls 
Hard Hat 
Steel-Toed Boots 
Safety Glasses 
Dosimeter 
Latex Gloves 
Cotton Glove Liners 
Leather Work Gloves 
Ear Plugs 
Full Face Air Purifying Respirator 

IDW SUPPLIES 
Plastic Trash Bags 
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APPENDIX E 

TYPE K 

EXPANSIVE GROUT 



1 1 .  .. 

C 
A concrete solution to 

problems. 
ou know the problems ordimy 
Portland Cement wnaete 
can bring to a job. Shinkage 

cracking. Curhg. Permeability. They\ 
often OCCUT soon after placement, 
That’s because ordinary concrete shrinks 
@pificantly as it dries, causing i n t e d  
tensile stress. when stress exceeds tensile 
shngth, the pmblems be@ Early ccacking and 
curling can h d  to bigger problems in the years that 
follow as man anr~ nature combine to attack shrinkage 

. -  

n 

a .* 

VI-1 
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In containment areas, 

i I What ifT?-r;e K I 

VI-3 



Southdown makes 
Tme K available 
thioughout the U.S. 
T i m t  rnnt pt the 
J UC3L L v I I L a b L  LILL 

Southdown Company 
nearest you, 

Southdown Companles 

'I 

Lj 



i 

-. 

\ 
I 
I 

Li 

slump, no b k e d  water, 
fzstcr finishing. 

rLpe K Expenshe Cement in 
caa~rrte is placed at a &her ahrmp 
than 0rdiw-y conaetes, yet nrbsm 

Iuc 

W g  b t e d  nL.orcement at the 
u i r  hau of the slab, preferably 
6 t h  two h&s of the surface, is 
rrmmiended far greatest Cgcct. 

Type K: Bert 
in the long run. 

I 

VI-7 



% rn Slabs-On-Grade 
Placing Type K in slab-an-grade 

projects such a waxehouses, 
factorier, food/beverage pmessing 
trci)itics, terminals, roads, aircraft 
bangem a d  runways m a n s  btrDding 
a surface that wallast a lcngtime 
with kss maintenance. 

- -  
I 
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APPENDIX F 

DENISON SAMPLING 

i 
<-- 
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Denison Samples 

Denison samples shall g e n e r a l l y  be taken i n  soils 
haviny 5 k n d a r d  p e n e t r a t i o n  r e s i s t a n c e  h igher  than 20, 
blows/ft as directed by the €ngineers,  

- r ings u t i l i z i n g  t h e  'Jcnison sampler s h a l l  be - t a k e n  in-order t o  obtain soil samples for laboratory 
t e s t i n g ,  Samples s h a l l  Le taken wi th  a 4 i n ,  0 - D ,  Denison 
sampler capgble of recoverinq 2 ft long sa:nples, Brass 
liners s h a l l  be used- E e c h  sample s h a l l  he taken ca reTu l ly  
so that the soil w i l l  r&ain &s nearly as possible i n  an 
u n d i s t u r b e d  su t e ,  The extens ion  o f  t h e  inner barrel  shoe 
beyond the outer barrei  c u t t i n g  teeth shal l  be the least 
amount which r e s u l t s  i n  a f u l l  i n n e r  b a r r e l  of soi l ,  and 
which w i l l  not cause p d & c u t t i n g  or contalcination of the 
sample by drilling fluid- Sampling shall proceed to o b t a i n  
a c o n t i n u o u s  verticiil specimzn. A f t e r  the h o l e  has been 
thorvuyfily cleaned, t h e  sampler s h a l l  be lowered carefully 
into the hole, The sarnpler s h a l l  be placed i n  c o n t a c t  with 
t h e  bottom of t h e  hole. The driller shall make sure that . 
t h e  truck jacks are c a r r y i n g t h e  loird of tile t ruck  so tha t  
t h e  will n o t  be lifted o n  the s p r i n g s  did tires when 
load is applied to the sampler. ghe saxple  t u b e  shall. then 
be forced h t o  the growad i n  a cmntinuous drive and cit  a 
rate qf p e n e t r a t i o n  equal  to the rate at w h i c h  the outer 
barrel is able t o  Cut. The speed of r o t a t i o n  s h a l l  be 
l i m i t e d  to that which w i l l  n o t  r u p t u r e  the  so i l  sarr.ple, 
&fter the tube his been i n s e r t e a  t o  its full length i n t o  the 
soil, the driller shall w a i t  approxkndtely 5 min before 
beginnbg withdrawal. zbe tube s h a l l  then be withdrawn from 
t h e  bottom of t h e  hole i n  a s n o o t h  cons tc iu t  itlotion usincj - ydraulic pressure to p u l l  tJw tube at a rdte of about 1 i n ,  
-per sec. Turning ot the rods with d wrench to break  t h e  
f r i c t i o n  OF the sample s h a l l  n o t  Le allowed unless a l l  other 
m e t h o d s  have been gttempted first and s h a l l  n o t  be resorted 
to unless approved by the Engineers, hft trr  t h e  sdrnple has 
pu l l ed  free € r a n  the b o t t o m  of the hole by a clearance of 
about  1 to 2 ft, renova1 & d l  stop nmnentarily to allow the  
d r i l l i n g  f l u i d  to  flow arolrnd t h e  bottom of the tube d&out  
30 sec.). Renova1 s h a l l  t hen  cont inue a t  a s l o w  and u n i r o m  
withdrawal :&e not  to  exceed 0.5 ft per sec, Breaking the 
pipe joints .during witharawal s h a l l  he done carGkully and in 
as Larye sections as can be p r a c t i c a l l y  handled so as n o t  to 
disturb the sample. 

gruck 



\ 

APPENDIX G 

SCHEDULE 



6696 

Activity 

Issue PO Plan, Rev. 0 

Begin CPT Fieldwork 

Issue 90% GSTP, Rev. A 

Issue Final GSTP, Rev. 0 

Finish CPT Fieldwork 

Parsons Begin Fieldwork 

Parsons Complete Fieldwork 

Parsons Begins Laboratory Testing 

SCHEDULE 

Date 

February 22, 1995 

March 20, 1995 

March 21, 1995 

March 28, 1995 

March 31, 1995 

April 4,1995 

May 2,1995 

April 10,1995 

Draft Gcotcchnical Sampling and Testing P& 
for Phase III of the Site-Wide 

Disposal Facility Field Investigation 
FEMP-OU2. Revision I 

March 1995 

APPENDIX G 

FOR FINAL GEOTECHNICAL INVESTIGATION 

Parsons Completes Laboratory Testing 

Parsons Issues 90% Geotechnical 
Investigation Report and 
Recommendations, Rev. A 

Parsons Issues Final Geotechnical Report 
and Recommendations, Rev. 0 

July 10, 1995 

July 28, 1995 

August 11, 1995 

G- 1 F\W5l\GEOSAMPL\SEC:G March 9. 1995 10:02a111 
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METHODOLOGY FOR USING HOLLOW-STEM AUGER 

AS A TEMPORARY CASING IN ZONES OF 

SUBSURFACE URANIUM CONTAMINATION 
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. .  

Using an 8 
contami nat 
determined 

Methodology for Using Hollow-Stem Auger 
as a Temporary Casing in 

Zones o f  Subsurface Urani um Contamination 

25-inch ID/14-inch OD hollow-stem auger, d r i l l  through the zone o f  
on t o  a depth four feet  below the estimated depth o f  contamination as 
from Operable Uni t  5 ’s subsurface uranium contamination modeling. 

Raise the auger s t r i ng  approximately one foot  t o  vacate the  bottom o f  the boring. 
Pump a bentonite-based sealer (Hole-Seal) i n t o  the bottom o f  the boring t o  form 
an approximately 3-fOOt th i ck  column of sealer. Allow the sealer t o  hydrate f o r  
a t  least  one-hour. Af ter  the sealer has hydrated, the 8.25-inch ID/14-inch OD 
hollow-stem auger can be used as a temporary casing f o r  the contaminated section 
o f  the boring. Pr ior  t o  placing the bentonite-based sealer i n  the bottom o f  the 
boring, depth t o  bottom should be measured t o  confirm t h a t  the bore hole has not 
col 1 apsed. 

A 3.25-inch ID16.625-inch OD hollow-stem auger s t r i ng  w i l l  be used t o  d r i l l  
inside the 8.25-inch ID114-inch OD hollow-stem auger and the through the column 
of sealer t o  the f u l l  depth o f  the boring (see Figure H-1  f o r  a schematic showing 
the steps involved i n  using a hollow-stem auger as a temporary casing). 

Af ter  a l l  d r i l l i n g  and sampling e f f o r t s  have been completed f o r  the boring, the 
3.25-inch ID/6.625-inch OD hollow-stem auger s t r i n g  w i l l  pul led from the boring 
and the resu l t ing  hole w i l l  be plugged w i th  type K grout. Once the 6.625-inch 
diameter boring hole has been f u l l y  grouted and.the 3.25-inch ID/6.625-inch OD 
hollow-stem auger s t r i n g  has been pul led from the boring, the 8.25-inch ID/14- 
inch OD hollow-stem auger s t r i ng  w i l l  be pu l led and the resu l t ing  14-inch 
diameter boring hole w i l l  be plugged using type K grout. 

Note: This methodology i s  only t o  be used a t  locations were subsurface uranium 
contamination i s  greater than 3 feet  i n  depth. 



FIGURE H-1 

HOLLOW -STEM AUGER AS TEMPORARY CASING SCHEMATIC 

CONTAMINATED 

/ -- 
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ASTM STANDARDS 



Draft Gcou&ud ' SampliandTatingPlan 
for Phase 111 of the Site-Wide 

Disposal Fxility Fidd Investigaon 
FEMP-OU2. Revision 0 

February 1995 

SUMMARY OF ASTM PROCEDURES 

TEST NO. TITLE 4 

C88 

c535 

D75 
D420 
D42 1 

D422 
D698 
D854 
D1452 
D1586 
D1587 
D22 16 

D2217 

D2435 
D2487 
D2488 
D2573 
D2844 

D2850 

D2974 

D3080 

D3441 

Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate or 
Magnesium Sulfate 
Standard Test Method for Resistance to Degradation of Large-Size Coarse 
Aggregate by Abrasion and Impact in the Los Angeles Machine 
Practice for Sampling Aggregates 
Standard Guide for Investigating and Sampling Soil and Rock 
Standard Practice for Dry Preparation of Soil Samples for Particle-Size Analysis 
Determination of Soil Constants 

Standard Method for Particle Size Analysis for Soils 
Laboratory Compaction Characteristics of Soil Using Standard Effort 
Standard Test Method for Specific Gravity of Soils 
Standard Practice for Soil Investigation and SampliG by Auger Borings 
Standard Test Method for Penetrometer Test and Split-Barrel Sampling of Soils 
Standard Practice for Thin-Walled Tube Sampling of Soils 
Standard Test Methods for Laboratory Determination of Water (Moisture) 
Content of Soil, Rock, and Soil-Aggregate Mixtures 
Standard Practice for Wet Preparation of Soil Samples for Particle-Size Analysis 
and Determination of Soil Constants. 
Test Method for One-Dimensional Consolidation Properties of Soil 
Standard Classification of Soils for Engineering Purposes 
Standard Practice for Description and Identification of Soils 
Standard Test Method for Field Vane Shear Test in Cohesive Soil 
Standard Test Method for Resistance R-value and Expansion Pressure of 
Compacted Soils 
Standard Test Method for Unconsolidated, Undrained Compressive Strength of 
Cohesive Soils in Triaxial Compression 
Standard Test Method for Moisture, Ash, and Organic Matter of Peat and Other 
Organic Soils 
Standard Test Method for Direct Shear Test of Soils Under Consolidated 
Drained Conditions 
Standard Test Method for Deep, Quasi-Static, Cone and Friction Penetration 
Tests of Soil 

5 

6 

7 

8 

9 

10 

11 

12 

13 

, '14 

15 

16 

17 
j 

18 

19 

20 

21 

22 

23 

24 

25 

26 

n 



D3550 
D4044 

D4 104 

D4 186 

D4220 
D4318 , 

D4546 

D4643 

D4767 

D5084 

D5092 

DraR G e  Sampling and Taring Pb 
for Phase In of the SitcWic 

Disposal Facility Fidd Investigdc 
FEMP-OW. Revision 

February 155 

Standard Practice for Ring-Lines Barrel Sampling of Soils 
Standard Test Method for (Field Procedure) for Instantaneous Change in Head 
(Slug Test) for Determining Hydraulic Properties of Aquifiers 
Standard Test Method (Analytical Procedure) for Determining Transmissivity of 
Nonleaky Confmed Aquifers by Overdamped Well Response to Instantaneous 
Change in Head (Slug Test) 
Standard Test Method for One-Dimensional Consolidation properties of Soils 
Using Controlled-Strain Loading 
Standard Practices for Preserving and Transporting Soil Samples 
Test Method for Liquid Limit, Plastic Limit, and Plasticity Index of Soils 
Standard Test Methods for One-Dimensional Swell or Settlement Potential of 
Cohesive Soils 
Standard Test Method for Determination of Water (Moisture) Content of Soil by 
the Microwave Oven Method 
Test Method for Consolidated-Undrained Triaxial Compressive Test on 
Cohesive Soils 
Standard Test Method for Measurement of Hydraulic Conductivity of Standard 
Porous Materials Using a Flexible Wall Parameter 
Standard Test Method for Design and Installation of Ground Water Monitoring 
Wells in Aquifers 
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Designation: C 88 - 90 

Standard Test Method for 
Soundness of Aggregates by Use of 
Sodium Sulfate or Magnesium Sulfate' 

This standard is issued under the tixed designation C 88 the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year or last reapproval. A 
superscript epsilon (0 indicates an editorial change since the last revision or reapproval. 

This iesi method has been approved for use by agencies of ihe Depanmm of Dqfense. Consuh the DoD Index of Specficaions and 
Siandardshr the specific year of issue which has been adopied by the Depanmeni of Defme.  

. scope 
1.1 This test method covers the testing of aggregates to 

stimate their soundness when subjected to weathering ac- 
ion in concrete or other applications. This is accomplished 
iy repeated immersion in saturated solutions of sodium or 
nagnesium sulfate followed by oven drying to partially or 
ompletely dehydrate the salt precipitated in permeable pore 
paces. The internal expansive force, derived from the rehy- 
lration of the salt upon re-immersion, simulates the expan- 
ion of water on freezing. This test method furnishes infor- 
nation helpful in judging the soundness of aggregates when 
rdequate information is not available from seMce records of 
he material exposed to actual weathering conditions. 

1.2 The values given in parentheses are provided for 
nformation purposes only. 

1.3 This standard does not purport to address the safety 
voblems associated with its use. It is the responsibility of the 
lser of this standard to eitablish appropriate safety and 
iealth practices and determine the applicability of regulatory 
imitations prior to use. 

!. Referenced Documents 
2.1 ASTM Standards: 
C 33 Specification for Concrete Aggregates2 
C 136 Test Method for Sieve Analysis of Fine and Coarse 

Aggregates2 
C670 Practice for Preparing Precision and Bias State- 

ments for Test Methods for Construction Materials2 
C 702 Practice for Reducing Field Samples of Aggregate 

to Testing Size2 
D 75 Practice for Sampling Aggregates3 
D3665 practice for Random Sampling of Construction 

Materials3 
E 11 Specification for Wire Cloth Sieves for Testing 

Purposes4 
E 100 Specification for ASTM Hydrometers5 
E 323 Specification for Perforated-Plate Sieves for Testing 

Purposes4 
. .  _ .  

I This test method is under the juridiction of ASTM Committee C-9 on 
Concrete and Concme Aggregates and is the direct responsibility of Subcommittee 
a9.20 on Normal Weight Aggregates 

Cumnt edition approved On 26, 1990. Published December 1990. Originally 
published as C 88 - 3 I T. Lasl previous edition C 88 - 83. 

Annual Book of ASTM Siandards, Vol04.02. 
'Annual Book of ATSM Siandards, Vol04.03. 
'Annual Book of ASTM Standards, Vol 14.02. 

Annual Book of ASTM Siandards, Vol 14.03. 

3. Significance and Use 
3.1 This test method provides a procedure for making a 

preliminary estimate of the soundness of aggregates for use in 
concrete and other purposes. The values obtained may be 
compared with specifications, for example Specification 
C 33, that are designed to indicate the suitability of aggregate 
proposed for use. Since the precision of this test method is 
poor (Section 12), it may not be suitable for outright 
rejection of aggregates without confirmation from other tests 
more closely related to the specific service intended. 

3.2 Values for the permitted-loss percentage by this test 
method are usually different for fine and coarse aggregates, 
and attention is called to the fact that test results by use of 
the two salts m e r  considerably and care must be exercised 
in fifing proper limits in any specifications that include 
requirements for these tests. The test is usually more severe 
when magnesium sulfate is used; accordingly, limits for 
percent loss allowed when magnesium sulfate is used are 
normally higher than limits when sodium sulfate is used. 

NOTE 1-Refer to the appropriate sections in Specification C33 
establishing conditions for acceptance of coarse and fine aggregates 
which fail to meet requirements based on this test. 

4. Apparatus 
4.1 Sieves-With square openings of the following sizes 

conforming to Specifications E 1 1  or E 323, for sieving the 
samples in accordance with Sections 6 , 7 ,  and 9: 

150 pm (No. 100) 

300 pm (No. 50) 

600 pm (No. 30) 

1.18 mm (No. 16) 
2.36 mm (No. 8) 

8.0 mm (%6 in.) 
9.5 mm (Yo in.) 
12.5 mm (Vz in.) 
16.0 mm (Vu in.) 
19.0 mm (3/4 in.) 
25.0 mm ( I  in.) 
3 1.5 mm ( 1% in.) 
375 mm ( 1 %  in.) 
50 mm (2 in.) 

larger sizes by 
12.5-mm (%-in.). 
spread 

. . 4.00 mm (No. 5) 63 mm (2% in.) 
4.75 mm (No. 4) 

4.2 Containers-Containers' for immersing the samples of 
aggregate in the solution, in accordance with the procedure 
described in this test method, shall be perforated in such a 
manner as to permit fke access of the solution to the sample 
and drainage of the solution from the sample without loss of 
aggregate. 

NOTE 2-Baskets made of suitable wire mesh or sieves with suitable 

4.3 Temperature Regulation-Suitable means for regu- 
openings are satisfactory containers for the samples. . 
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ting the temperature of the samples during immersion in 
,e sodium sulfate or magnesium sulfate solution shall be 

provided. 
4.4 Balances-For fine aggregate, a balance or scale 

accurate witbin 0.1 g over the range required for this test; for 
coarse aggregate, a balance or scale accurate within 0.1 95 or 
1 g, whichever is greater, over the range required for this test. 

4.5 Drying Oven-The oven shall be capable of being 
heated continuously at 230 -c 9°F (1 10 +. 5°C) and the rate of 
evaporation, at this range of temperature, shall be at least 25 
g/h for 4 h, during which period the doors of the oven shall 
be kept closed. This rate shall be determined by the loss of 
water from 1-L Grif€in low-form beakers, each initially con- 
--:-:-- =nn - -e...-+- -+ ,. +amMwt,.rP ,,r 70 2 (21 * wlllllt; J W  t; VI W-bbI Y I  u .rruyrrr.ur -1 

2"C), placed at each comer and the center of each shelf of the 
oven. The evaporation requirement is to apply to all test loca- 
tions when the oven k empty except for the beakers of water. 

4.6 Specific Gravity Measurement-Hydrometers con- 
forming to the requirements of Specificaton E 100, or a suit- 
able combination of graduated glassware and balance, capa- 
ble of measuring the solution spedic gravity within 53.001. 

5. Special Solutions Required 
5.1 Prepare the solution for immersion of test samples 

from either sodium or magnesium sulfate in accordance with 
5.1.1 or 5.1.2 (Note 3). The volume of the solution shall be at 
least five times the solid volume of aIl samples immersed at 
any one time. 

NOTE &-Some aggregates containing carbonates of calcium or 
magnesium are attacked chemically by fresh d a t e  solution, resulting in 
erroneously high measwed losses. If this condition is encountered or is 
suspected, repeat the test using a filtered solution that has been used 
previously to test the same type of carbonate rock, provided that the 
solution mee-ts the requirements of 5.1.1 and 5.1.2 for specific gmvity. 

5.1.1 Sodium Sdfate Solution-FYepare a saturated solu- 
tion of sodium sulfate by dissolving a USP or equal grade of 
the salt in water at a temperature of 77 to 86°F (25 to 30°C). 
Add sufficient salt (Note 4), of either the anhydrous 
(Na2S0,) or the crystalline (Na2S04.10H20) formY6 to 
ensure not only saturation but also the presence of excess 
crystals when the solution is ready for use in the tests. 
Thoroughly stir the mixture during the addition of the salt 
and stir the solution at frequent intervals until used. To 
reduce evaporation and prevent contamination, keep the 
solution covered at all times when access is not needed. 
Allow the solution to cool to 70 rt 2°F (2 1 1 "C). Again stir, 
and allow the solution to remain at the designated tempera- 
ture for at least 48 h before use. Prior to each use, break up 
the salt cake, if any, in the container, stir the solution 
thoroughly, and determine the specific p v i t y  of the solu- 
tion. When used, the solution shall have a specific gravity not 
less than 1.151 nor more than 1.174. Discard a discolored 
solution, or ater it and check for specific gravity. 

NOTE &For the solution, 215 g of anhydrous salt or 700 g of the 
decahydmte per Litre of water are sufficient for saturation at 71.6'F 

~ 

6 Experience with the un m*h& indicates that a gmic of sodium &ti desig- 
nated by the trade as dricdpowdcr, which may be considaed as approximattly 
anhyhus, is the mast practical for use. That grade is more economically available 
than the anhydrous form. The daabydrate sodium d a t e  presents dimcultis in 
compounding the requid solution on account of its coolins effect on the solution. 

(22%). However, since these salts are not completely stable and sir 
is desirable that an e x e s  of crystals be presens the use of not less 
350 g of the anhydrous salt or 750 g of the decahydrate salt per lit 
water is recommended. 

5.1.2 Magnesium Surfate Solution--Prepare a satur 
solution of magnesium sulfate by dissolving a USP or a 
grade of the salt in water at a temperature of 77 to 86°F 
to 30°C). Add sufficient salt (Note 5), of either the anhyd 
(MgSO,) or the crystalline (MgS04-7H20) (Epsom 
form, to ensure saturation and the presence of ex- cry 
when the solution is ready for use in the tests. Thorou 
stir the mixture during the addition of the salt and s t i  
solution at frequent intervals until used. To reduce evag 
tion and prevent contamination, keep the solution COY 
at all times when access is not needed. Allow the soiutic 
cool to 70 -c 2°F (21 f 1°C). Again stir, and allow 
solution to remain at the designated temperature for at 
48 h before use. Prior to each use, break up the salt cal 
any, in the container, stir the solution thoroughly, 
determine the specific gravity of the solution. When used 
solution shall have a specific gravity not less than 1.295 
more than 1.308. Discard a discolored solution, or f i l l  
and check for specific gravity. 
N m '  %For the solution, 350 g of anhydrous salt or 1230 g I 

heptahydrate per litre of water are sufficient for satmtion at 7 
(23'0. However, since these salts are not completely stable, with 11 
drous salt being the more stable of the two, and since it is deshabl 
an excess of crystals be present, it is recommended that the heptah: 
salt be used and in an amount of not less than 1400 Otre of wal 

6. Samples 
6.'1 The sample shall be obtained in general accord 

with Practice D75 and reduced to test portion si- 
.accordance wit5 Practice C 702. 

6.2 Fine Aggregate-Fine aggregate for the test shs 
passed through a 9S1mm (%-in.) sieve. The sample shi 
of such size that it will yield not less than 100 g of each.( 
following sizes, which shall be available in amounts of 5 
more, expressed in terms of the following sieves: 
" Passing Sieve Retained on Sieve 

600 pg (No. 30) 
1.18 mm (No. 16) 
2.36 mm (No. 8) 

9.5 mm (Ya in.) 

.300 pm (No. 50) 
600 pm (No. 30) 
1.18 mm (No. 16) 

4.75 mm (No.4) 
, 4.75 mm (No.4) . 2.36 mm (No. 8) . 

6.3 Coarse Aggregate-Coarse aggregate for the test 
consist of material from which the sizes finer than the : 
sieve have been removed. The sample shall be of such 
that it will yield the following amounts of the indicated 
that are available in amounts of 5 % or more: 

weisl 
9.5 mm (Jh in.) to 4.75 mm (No. 4) . . 300: 
19.0 mm (3/4 in.) to 9.5 mm (% in.) 1000: 

330 : 
670 : 

1500 

25.0-mm (1-in.) to 19.0-mm (%-in.) material ' 500 
37.5-mm (IIhin.) to 25.0-mm (1-in.) material 1000 

5000 

5@mm (2 in.) to 37.5-mm ( 1  ahin.) material . 2000 
63-mm (2V2-in.) to 50-mm (2-in.) material 

S i  (Squan-Opning Sieves) 

Consimng of: 
i2.5-mm (%-in.) to 9.5-mm (Yein.) material 
19.0-mm (%-in.) to 12.5-mm ( I k i n . )  mataial 

37.5-mm (1Ihin.) to 19.0-mm (% in.) 
.consisting of: 

63-mm (21h in.) to 37.5-mm (1% in.) 
consisting of: 

3000 
7000 Larger sizes by 25-mm (bin.) spread in sieve Site. each fraction 
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t When an aggregate to be tested contains appreciable 
unts of both fine and coarse material, having a grading 
more than 10 weight % coarser than the 9.5-mm (%-in.) 
and, also, more than 10 weight 95 finer than the 

-mm (No. 4) sieve, test separate samples of the minus 
I fraction and the plus No. 4 fraction in accordance with 
procedures for tine aggregate and coarse aggregate, 
xtively. Report the results separately for the fine- 
:gate fraction and the coarse-aggregate fraction, giving 
xrcentages of the coarse- and fine-size fractions in the 
d grading. 

reparation of Test Sample 
I Fine Aggregate-Thoroughly wash the sample of fine 
:gate on a 300-pm (No. 50) sieve, dry to constant weight 
10 f 9°F ( 1  10 f 5"C), and separate into the different sizes 
eving, as follows: Make a rough separation of the graded 
?le by means of a nest of the standard sieves specified in 
From the fractions obtained in this manner, select 
Aes of sufficient size to yield 100 g after sieving to 
d. (In general, a 110-g sample will be sufficient.) Do not 
fine aggregate sticking in the meshes of the sieves in 
aring the samples. Weigh samples consisting of 100 f 
; out of each of the separated fractions after final sieving 
place in separate containers for the test. 
2 Coarse Aggregate-Thoroughly wash and dry the 
ple of coarse aggregate to constant weight at 230 f 9°F 
f 5OC) and separate it into the different sizes shown in 

)y sieving to refusal. Weigh out quantities of the different 
, within the tolerances of 6.3 and, where the test portion 
ists of two sizes, combine them to the designated total 
ht. Record the weights of the test samples and their 
ional components. In the case of sizes larger than 19.0 

(31' in.), record the number of particles in the test 
ples. 

'rocedure 
1 Storage of Samples in Solution-Immerse the samples 
he prepared solution of sodium sulfate or magnesium 
ite for not less than 16 h nor more than 18 h in such a 
iner that the solution covers them to a depth of at least '12 

Note 6). Cover the containers to reduce evaporation and 
'ent the accidental addition of extraneous substances. 
ntain the samples immersed in the solution at a temper- 
e of 70 f 2°F (2 1 * 1 'C) for the immersion period. 
OTE &Suitably weighted wire grids placed over the sample in the 
h e r s  will permit this coverage to be achieved with very lightweight 
mtes. 
2 Drying Samples Afer Immersion-After the immer- 

I period, remove the aggregate sample from the solution, 
nit it to drain for 15 f 5 min, and place in the drying 
n. The temperature of the oven shall have been brought 
fiously to 230 f 9°F ( 1  10 f S T ) .  Dry the samples at the 
Sfied temperature until constant weight has been 
ieved. Establish the time required to attain constant 
3ht as follows: with the oven containing the maximum 
iPle load expected, check the weight losses of test samples 
removing and weighing them, without cooling, at inter- 
1 of 2 to 4 h; make enough checks to establish required 
Lng time for the least favorable oven location (see 4.5) and 
IPle condition (Note 7). Constant weight will be consid- 

ered to have been achieved when weight loss is less than 
0.1 95 of sample weight in 4 h of drying. After constant 
weight has been achieved, allow the samples to cool to room 
temperature, when they shall again be immersed in the 
prepared solution as described in 8.1. 

NOTE 7--Drylng time required to reach constant weight may vary 
considerably for several reasons. Efficiency of drying will be reduced as 
cycles accumulate because of salt adhering to particles and, in some 
cases, because of increase in surface area due to breakdown. The 
different size fractions of aggregate will have differing drying rates. The 
smaller sizes will tend to dry more slowly because of their larger surface 
area and restricted interparticle voids, but this tendency may be altered 
by the effects of container size and shape. 

8.3 Number of Cycles-Repeat the process of alternate 
immersion and drying until the required number of cycles is 
obtained. 

9. Quantitative Examination 
9.1 Make the quantitative examination as follows: 
9.1.1 After the completion of the final cycle and after the 

sample has cooled, wash the sample free from the sodium 
sulfate or magnesium sulfate as determined by the reaction 
of the wash water with barium chloride (BaCl,). Wash by 
circulating water at 110 f 10°F (43 f 6°C) through the 
samples in their containers. This may be done by placing 
them in a tank into which the hot water can be introduced 
near the bottom and allowed to overflow. In the washing 
operation, the samples shall not be subjected to impact or 
abrasion that may tend to break up particles. 

9.1.2 After the sodium sulfate or magnesium sulfate has 
been removed, dry each fraction of the sample to constant 
weight at 230 f 9'F (1 10 f 5°C). Sieve the fine aggregate 
over the same sieve on which it was retained before the test, 
and sieve the coarse aggregate over the sieve shown below for 
the appropriate size of particle. For fine aggregate, the 
method and duration of sieving shall be the same as were 
used in preparing the test samples. For coarse aggregate, 
sieving shall be by hand, with agitation sufficient only to 
assure that all undersize material passes the designated sieve. 
No extra manipulation shall be employed to break up 
particles or cause them to pass the sieves. Weigh the material 
retained on each sieve and record each' amount. The 
difference between each of these amounts and the initial 
weight of the fraction of the sample tested is the loss in the 
test and is to be expressed as a percentage of the initial weight 
for use in Table 1. 

She of Aggregate 

63 m m  (2lh in.) to 37.5 mm (1Vz in.) 
37.5 mm ( I  112 in.) to 19.0 mm (314 in.) 
19 m m  (314 in.) to 9.5 mm ( 3 h  in.) 
9.5 mm ()/a in.) to 4.75 m m  (No. 4) 

Sieve, Used to 
Determine Loss 
3 1.5 mm ( I I/. in.) 
16.0 mm ('/a in.) 
8.0 mm ('116 in.) 
4.0 mm (No. 5) 

10. Qualitative Examination 
10.1 Make a qualitative examination of test samples 

coarser than 19.0 mm (314 in.) as follows (Note 8): 
10.1.1 Separate the particles of each test sample into 

groups according to the action produced by'the test (Note 8). 
10.1.2 Record the number of particles showing each type 

of distress. 
NOTE 8-Many types of action may be expected. In general, they 

may be classified as disintegration, splitting- crumbling, cracking, 

.. . , 
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TABLE 1 Suggested Form for Recording lest Date (with Illustrative Test Values) 

-ge Weighted Grading of Weight of Test 
sieve Size . Original Sample, Fractions P e g  Designad percentage 

% Before Test, g . ’ Sieve After Test 

~oundness Test of fine Aggregate . . .  
... ... . . . .  Minus 150 pm (No. 100) 

300 pm (No. 5C) to No. 100 
600 pm (No. 30) to No. H) 
1.18 mm (No. 16) to NO. 30 
2.36 mm (No. 8) to No. 16 
4.75 mm (No. 4) to No. 8 
9.5 mm (% in.)to No. 4 

6 
11 ... ... ... 
26 100 42 1.1 
25 100 4.8 1.2 
17 100 ’ 8.0 1.4 
11 100 11.2 12 
4 ... 11.2A 0.4 

100.0 ... ... 5 Totals 
Soundness Test of Coarse Aggregate 

63 mm (2112 in.) to 50 mm (2 in.) . 2825 9 20 4783 4.8 1 .O 
50 mm (2 in.) to 37.5 mm j i %  uii.) 

37.5 mm (1’12 in.) to 25.0 ITUTI (1 in.) 1112 to s/, , 45 1525 8.0 3.6 

2.2 
25 mm (1 in.) to 19.0 nun (V4 m.) 
19.0 mm (V4 in.) to 12.5 mm (% in.) 23 1008 9.6 
12.5 mm (112 in.) to 9.5 mm (% in.) 

12 298 112 1.3 9.5 mm (% in.) to 4.75 mm (No. 4) 

3 
211z to ”” in‘ 

333 g 
298 g 

... 8 Totals 100 ... 
A The m n t a g e  toss (1 12 %) of the next smm size is used as the percentage loss for mis size. since this size contains less than 5 % of the original san 

received. See 11.1:3.4. 

flaking, etc. While only particles &er than 3/4 in. in size are required to 
be examined qualitatively, it is recommended that examination of the 
smaller sires be made in order to determine whether there is any 
evidence of excessive splitting. 

11. Report 
1 1.1 Report the following data (Note 9): 
1 1.1.1 Weight of each fraction of each sample before test, 
11.1.2 Material from each fi-adon of the sample finer 

than the sieve designated in 9.1.2 for sieving after test, 
expressed as a percentage of the original weight of the 
fraction, 

1 1.1.3 Weighted average calculated in accordance with 
Test Method C 136 from the percentage of loss for each 
fraction, based on the grading of the sample as received for 
examination or, preferably, on the average grading of the 
material from that portion of the supply of which the sample 
is representative except that: 

1 1.1.3.1 For fine aggregates (with less than 10 % coarser 
than the 9.5-mm (%-in.) sieve), assume sizes finer than the 
300-pm (No. 50) sieve to have 0 !% loss and sizes coarser 
than the 9.5-mm (%-in.) sieve to have the same loss as the 
next smaller size for which test data are available. 

11.1.3.2 For coarse aggregate (with less than 10 !% finer 
than the 4.75-mm (No. 4) sieve), assume sizes finer than the 
4.75-mm (No. 4) sieve to have the same loss as the next 
larger size for which test data are available. 

1 1.1.3.3 For an aggregate containing appreciable amounts 
of both fine and coarse material tested as two separate 
samples as required in 6.4, compute the weighted average 
losses separately for the minus No. 4 and plus No. 4 fractions 
based on’ recomputed grading considering the fine fi-action 
as100%andthecbarsefractionas100%.Reporttheresults 
separately giving the percentage of the minus No. 4 and plus 
No. 4 material in the initial grading. 

11.1.3.4 For the purpose of calculating the weighted 
average, consider any sizes in 6.2 or 6.3 that contain less than 

5 96 of the sample to have the same loss as the average c 
next smaller and the next larger size, or if one of these s i  
absent, to have the same loss as the next larger or 
smaller size, whichever is present. 

1 1.1.4 Report the weighted percentage loss to the nc 
whole number, 

1 1.1.5 In the case of particles coarser than 19.0 mi 
in.) before test: (I) The number of particles in each fk 
before test, and (2) the number of particles affected, I 
fied as to number disintegrating, splitting, crumbling, 
ing, flaking, etc., as shown in Table 2, and 

11.1.6 Kind of solution (sodium or magnesium si 
and whether the solution was freshly prepared or prev 
Used. 

NOTE 9-Table 1, shown with test values inserted for p q  
illustration, is a suggested form for recording test data. The tesl 
shown might be appropriate for either salt, depending on the qu 
the aggregale. 

12. Precision 
12.1 Precision-For coarse aggregate with weight 

erage sulfate soundness losses in the ranges bf 6 to 16 
sodium and 9 to 20 95 for magnesium, the precision i 
are as follows: 

Coefficient of Dif€crcnce k 
Variation Two Tests (D 
(E%),%” 76 of A w  

Muliilaboratory: 
Sodium sulfate 41 I16 
Magnesium sulfate 25 71 

Sodium sulfate 24 68 
1 1  31 Magnesium sulfate 

Single-Operator: 

”These numbers rcpment, rrspectivcly, the (IS%) and (D2SW) 
described in Practice C 670. 

12.2 Bias-Since there is no accepted reference I 
suitable for determining the bias for this proced 
statement on bias is being made. 
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TABLE 2 Suggested Form for Qualiitive Examination (with Illustrative Test Values) 

Qm ExamlMbar of coarse sues 

Parhdes Exhtbtm Distress 
~ _ _  ~~ 

Sieve Size Splitting Cnmrbl i  Cracking F W i  Total No. of 
Partides Before 

. . .  No. % No. % No. % No. .% Test 
. .  

mm (2% in.) to 97.5 2 7 ... ... 2 7 ... ... 29 

5 mm (1% in.) to 5 10 1 2 4 a ... ... 50 
nm (1V2 in.) 

19.0 mm (3h in.) 

.: .... : 

The American society for Testing M d  Materials Was no pasition respecting the validity of any patent rights 8SSeIted in connection 
with MY item mentioned in this Stand&. Users of this smdard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technicel CcmnitIee end must be reviewed every five years and 
if not revised, either re8ppmved or withdrawn. Your comments are invited uither for revision of this standard or for additional stmdards 
and should be addressed to ASTM Heedquarters. Your comments will receive careful consideration at 8 meeting of the responsible 
technical committee, which you may anend. If you feel that your comments have not received 8 fair heeving you should make your 
views known to the ASTM Committee on St8ndards. 1916 Rsce st., Philadelphia, PA 19103. 
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Resistance to Degradation of Large-Size Coarse Aggregate 
by Abrasion and Impact in the Los Angeles Machine' 

. This standard is issued under the !ked &signation C 535; the number immediately following the designation indicates the year of . 
' original adoption or, in the case of revision, the year of last revision. A'nu'mber in &theses indicates the year of licit reapproval. A 

This method h i  been approved for use by agmik of ihe D&-. of Def&se..Co&i'the DoD hiex'of  Spe&$catio+s 4 ' 

Standards f i r  the spec$c year of issue which has been adopted by the Depanmm of Defense. 

.' 

superscript epsilon (r).indicates an editorial change s i n e  the last &on or reapproval. - . . . . . .  
. . . . .  -. . . .  

' 
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1. Scope 
1.1 This test method covers testing sizes of coarse aggre- 
* -  1----- -L-- 2 f  :- f in  cn-\ Ce, 4 c t a n r p  dl-dation P l C  l&&Cl LWU 7 4  1U. ( 1 7  l r r - ~  IV. .-w---- 

using the Los Angeles testing machine. 
N m  1-A procedure for teshng coarse aggregate smaller than 1'12 

in. (37.5 mm) is covered in Method C 131. 

1.2 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
C 131 Test Method for Resistance to Degradation of 

Small-Size Coarse Aggregate by Abrasion and Impact in 
the Los Angeles Machine2 

C 136 Test Method for Sieve Analysis of Fine and Coarse 
Aggregates' 

C670 Practice for Preparing Precision and Bias State- 
ments for Test Methods for Construction Materials2 

C 702 Practice for Reducing Field Samples of Aggregate to 
Testing Size3 

D 75 Practice for Sampling Aggregate2 
E 11 Specification for Wire-Cloth Sieves for Testing 

, 

Purposes4 

3. Summary of Method 
3.1 The Los Angeles test is a measure of degradation of 

mineral aggregates of standard gradings resulting from a 
combination of actions including abrasion or attrition, 
impact, and grinding in a rotating steel drum containing a 
specified number of steel spheres, the number depending 
upon the grading of the test sample. As the drum rotates, a 
shelf plate picks up the sample and the steel spheres, carrying 
them around until they are dropped to the opposite side of 
the drum, creating an impact-crushing effect. The contents 

This tcst method is under the jurisdiction of ASTU Committee c-9 on 
Concrete and Concrete Aggregates and is the direct responsibility Of &hCOmmittee 
C09.20 on Normal Weight Aggregates. 

C m n t  edition approved April 28, 1989. Published June 1989. % @ d y  
published as C 535 - 64 T. Lan previous edition C 535 - 81 (1987). 

Annual Book of ASTM Standards, Vols 04.02 and 04.03. 
Annual Book df ASTM Standards, Vol04.02. 
Annual Book of ASTM Standards, Vol 14.02. I 
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then roll within the drum with an abrading and grii 
action until the shelf plate impacts and the cycle is rep 
After the prescribed number of revolutions, the conten 
removed from the drum ana the aggregate ponion is 3 

to measure the degradation as percent loss. 

4. Significance and Use 
4.1 The Los Angeles test has been widely used 

indicator of the relative quality or competence of vi 
sources of aggregate having similar mineral composi 
The results do not automatically permit valid comparis 
be made between sources distinctly different in c 
composition, or structure. Specification limits based o 
test should be assigned with extreme care in considerat 
available aggregate types and their performance histc 
specific end uses. 

5. Apparatus 
5.1 Los Angeles Machine conforming to the require 

of Test Method C 131. 
5.1.1 The machine shall be so driven and so coun 

anced as to maintain a substantially uniform pen 
speed (Note 2). If an angle is used as the shelf, the dil 
of rotation shall be such that the charge is caught 
outside surface of the angle. 
NOTE 2-Backlash or slip in the driving mechanism is very 1 

furnish test results that are not duplicated by other Los 
machines producing constant peripheral speed. 

5.2 Sieves, conforming to Speciiication E 1 1. 
5.3 Balunce-A balance or scale accurate within 0 

test load over the range required for this test 
5.4 Churge-The charge shall consist of 12 steel : 

averaging approximately 1Z7/32 in. (46.8 mm) in di: 
each weighing between 390 and 445 g, and having 
weight of 5000 & 25 g. 

NOTE 3-Steel ball bearings l'%6 in. (46.038 mm) and 
(47.625 mm) in diameter, weghhg approximately 400 and 44( 
respectively, are readily available. Steel spheres 12%2 in. (46.8 
diameter weighing approximately 420 g may also be obtaina 
charge may consist of a mixture of these szes. 

6. Sampling 
6.1 The field sample shall be obtained 'in accordar 

Practice D 75 and reduced to test portion in accordar 
Practice C 702. 

.. ............. ..,--.---7 -7 - , 7 -  ..-.. ........ -_ ._:: .......... 
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TABLE 1 Gmdings of Test Samples 

Sieve Size. mm (in.) (Square Openings) WekMs of Indicated Sires. a 

Gradnrg* Retained on 
1 2 3 

passing 
- - 

75 (3) 63 (2'h) 2500*50 ... ... 
63 (2'4 

37.5 (1'/2) 
25.0 Ill 

. . .  50 (2) 
50 (2) 
37.5 (1%) 
25.0 (1) 
19.0 Wd 

2500*50 
5000f50 

... 

... 

... 
5000*50 
5000f25 

... 
. I  

Total 10 OOO f 100 1ooO0*75 1 0 ~ ~ 5 0  
"Gradmgs 1.2. and 3 conespond. respmvely, in thew slredstnbubn to Gmdings. E, F. and G UI me superseded AST?4 Method C 131 - 55, Test for Abasn of 

Coarse Aggregate by Use of the Los Angdes Machm. which appears in the 1961 Book of ASTM standerds. Part 4 

7. Test Sample 
7.1 The test sample shall be washed and ovendried at 22 1 

to 230'F (105 to 1 10°C) to substantially constant weight 
(Note 4), separated into individual size fractions, and recom- 
bined to the grading of Table 1 most nearly corresponding to 
the range of sizes in the aggregate as furnished for the work. 
The weight of the sample prior to test shall be recorded to the 
nearest 1 g. 
NOTE 4-If the aggregate is essentially free of adherent coatings and 

dust, the requirement for washing before and after test may be waived. 
Elimination of washing after test will seldom reduce the measured loss 
by more than about 0.2 9% of the original sample weight. 

8. Pracedure 
8.1 Place the test sample and charge ip the Los Angeles 

testing machine and rotate the machine at 30 to 33 r/min for 
1000 revolutions. After the prescribed number of revolu- 
tions, discharge the material from the machine and make a 
preliminary separation of the sample on a sieve coarser than 
the 1.70-mm (No. 12). The finer portion shall then be sieved 
on a 1.70-mm sieve in a manner conforming to Method 
C 136. The material coarser than the 1.70-mm sieve shall be 
washed (Note 4), ovendried at 221 to 230°F (105 to 110°C) 
to substantially constant weight, and weighed to the nearest 5 
g (Note 5). 

NOTE 5-Valuable information concerning the uniformiq of the 
sample under test may be obtained by determining the loss atkr 200 
revolutions. This loss should be determined without arasbing tbt 
ma- coarser than the 1.70-mm (No. 12) sieve. The ratio of rhe lass 
after 200 revolutions to the loss after lo00 revoLutions should not geatiy 
ex& 0.20 for material of uniform hardness. When this deurmhation 
is made, take care to avoid losing any part of the sample; ~fmi l  the 
entire sample, including the dust of fracture, to the testing mackine for 
the final 800 revolutions required to complete the test. 

9. Calculation 
9.1 Express the loss (difference betwen the original 

weight and the final weight of the test sample) as a 
percentage of the original weight of the test sample. Report 
this value as the percent loss. 
NOTE 6-The percent loss determined by this method has no known 

consistent relationship to the percent loss for the same material when 
tested by Test Method C 131. 

10. Precision 
10.1 Precision-The precision of this test method has not 

been determined. It is expected to be comparable to that of 
Test Method C 13 1. 
10.2 Bias-No statement is being made about the bias of 

this Test Method since there is no accepted reference 
material suitable for determining the bias of this procedure. 

I 

t 
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APPENDIX 

(Nonmandatory Information) 

X1. MAINTENANCE OF SHELF 

X 1.1 The shelf of the Los Angeles machine is subject to 
Severe surface wear and impact. With use, the working 
surface of the shelf is peened by the balls and tends to 
develop a ridge of metal parallel to and about 11/4 in. (32 
am) from the junction of the shelf and the inner surface of 
the cylinder. If the shelf is made from a section of rolled 
angle, not only may this ridge develop but the shelf itself may 
be bent longitudinaiiy or transverseiy from its proper posi- 
tion. 

X 1.2 The shelf should be inspected periodically to 
mine that it is not bent either lengthwise or from its n 
radial position with respect to the cylinder. If either 1 

tion is found, the shelf should be repaired or replaced 
further tests are made. The influence on the test result 
ridge developed by peening of the working face of the : 
not known. However, for uniform test conditions 
recommended ihai irhe ridge 'm gruund CG ic ?E, 
exceeds 0.1 in. (2 mm). 

The herlean s4ciety for Testing and Meterials takes no pasMn ranpecting the validity of any patent rights assem in conneciron 
with any item mentioned in this standud. Usars of this standard are eqmssly advised that detennin8tion of the validity of any such 
petent rights, and the risk of infringement of such rights, are entirely their own rsqmsihliity. 

This standard Is subject to revlslon at eny time by the resporrsible technical committee and must be reviewed every five years and 
n nat revised. ehher invited enher for revision of thlS standerd 01 tor a d d i t i d  -8ldS 
and should be eddressed to AStM HeedqMvters. Your comment8 will receive careful considefation at e meeifng of the responsible 
technical committee, which you may attend. if you feel that your comments heve not received a fair hsaring you should make your 
views known 10 the ASTM CanmMee on standards. 7916 Flace St., Phl/ade@hia, PA 79103. 

01 W d M .  Your comments 
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(m Designation: D 75 - 87 (Reapproved 1992)" 

Standard Practice for 
Sampling Aggregates' 

669 

This standard is kued under the tixed designation D 75; the number immadiately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revison. A number in parentheses indicates the year of last reapproval. A 
s u p e k p t  epsilon (e) indicates an editorial change since the last revision or reapproval. 

This practice has been approved for use by agencies of the Department of Ddense. Consult rhe DoD Index oj  Specijicaions and 
Standards for ihe speci$c year of issue which has been adopted by rhe Depanmrm of Ddense. 

NmE-Editorial changes were made throughout in September 1992. 

1. scope* 

aggregates for the following purposes: 

supply, 

1.1 This practice covers sampling of coarse and fine 

1.1.1 Preliminary investigation of the potential source of 

1.12 Control of the product at the source of supply, 
1.1.3 Control of the operations at the site of use, and 
1.1.4 Acceptance or rejection of the materials. 

NOTE 1-Sampling plans and acceptance and control tests vary with 
the type of construction in which the material is used. Attention is 
directed to hctices E 105 and D 3665. 

1.2 The values stated in inch-pound units are to be 
regarded as the standard. 

1.3 This standard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
C 702 Practice for Reducing Field Samples of Aggregate to 

D2234 Test Method for Collection of a Gross Sample of 

D3665 Practice for Random Sampling of Construction 

E 105 Practice for Probability Sampling of Materials5 
E 122 Practice for Choice of Sample Size to Estimate the 

E 141 Practice for Acceptance of Evidence Based on the 

Testing Size2 

coal3 

Materials4 

Average Quality of a Lot or ProcessS 

Results of Probability SamplingS 

' Thii practice is under the jurisdiction of ASTM Committce D-4 on Road and 
Paving Materials and is the dirca responsibility of Subeommittce D04.30 0" 
Mahods of Sampling. 

Cumnt edition approved On. 30, 1987. Published December 1987. 
published as D 75 - 20 T. Last previous edition D 75 - 82. 

'Annual Book of ASTM St&r&, Vol04.02. 
' A n n u l  Book of ASTM Standards. Vol05.05. 
' Annual Book of ASTM Srandards, Vol04.03. ' Annual Bodr of ASTM Standards. Vol 14.02. 

3. Significance and Use 
3.1 Sampling is equally as important as the testing, and 

the sampler shall use every precaution to obtain samples that 
will show the nature and condition of the materials which 
they represent. 

3.2 Samples for preliminary investigation tests are ob- 
tained by the party responsible for development of the 
potential source (Note 2). Samples of materials for control of 
the production at the source or control of the work at the site 
of use are obtained by the manufacturer, contractor, or other 
parties responsible for accomplishing the work. Samples for 
tests to be used in acceptance or rejection decisions by the 
purchaser are obtained by the purchaser or his authorized 
representative. 
NOTE 2-The preliminary investigation and sampling of potential 

aggregate sources and types occupies a very important place in deter- 
mining the availability and suitability of the largest single constituent 
entering into the construction. It influences the type of construction 
from the standpoint of economics and governs the neceSSary material 
control to ensure durability of the resulting structure, from the aggregate 
standpoint. This investigation should be done only by a responsible 
trained and experienced person. For more comprehensive guidance, see 
the Appendix. 

4. Securing Samples 
4.1 General-Where practicable, samples to be tested for 

quality shall be obtained from the finished product. Samples 
from the finished product to be tested for abrasion loss shall 
not be subject to further crushing or manual reduction in 
particle size in preparation for the abrasion test unless the 
size of the finished product is such that it requires further 

4.2 Inspection-The material shall be inspected to deter- 
mine discernible variations. The seller shall provide suitable 
equipment needed for proper inspection and sampling. 

4.3 Procedure: 
4.3.1 Samplingfiom a Flowing Aggregate Stream (Bins or 

Belt Discharge)-Select units to be sampled by a random 
method, such as Practice D3665, from the production. 
Obtain at least three approximately equal increments, se- 
lected at random from the unit being sampled, and combine 
to form a field sample who& mass equals or exceeds the 
minimum recommended in 4.4.2. Take each increment 
from the entire cross section of the material as it is being 

reduction for testing purposes. \ 

A Summary of Changes section appears at the end of this practicee. 
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discharged. It is usually necessary to have a special device 
constructed for use at each particular plant. This device 
consists of a pan of sufficient size to intercept the entire cross 
s t i o n  of the discharge stream and hold the required 
quantity of material Without overflowing. A set of rails may 
be neceSSary to support the pan as it is passed under the 
discharge stream. Insofar as is possible, keep bins continu- 
ously full or nearly full to reduce segregation. 

NOTE 3-Sampling the initial discharge or the final few tons from a 
bin or conveyor belt increases the chances of obtaining segregated 
material and should be avoided. 

4.3.2 Samplingfrom the Conveyor Belt-Select units to be 
sampled by a random method, such as Practice D 3665, 
from the production. Obtain at least three approximately 
equal increments, selected at random, from the unit bein2 
sampled and combine to form a field sample whose m a s  
equals or exceeds the minimum recommended in 4.4.2. Stop 
the conveyor belt while the sample increments are being 
obtained. Insert two templates, the shape of which conforms 
to the shape of the belt in the aggregate stream on the belt, 
and space them such that the material contained between 
them Will yield an increment of the required weight. Care- 
fully scoop all material between the templates into a suitable 
container and collect the fines on the belt with a brush and 
dust pan and add to the container. 

4.3.3 Sampling from Stockpiles or Transportation Units- 
Avoid sampling coarse aggregate or mixed coarse and fine 
aggregate from stockpiles or transportation units whenever 
possible, particularly when the sampling is done for the 
purpose of determining aggregate properties that may be 
dependent upon the grading of the sample. If circumstances 
make it necessary to obtain samples from a stockpile of 
coarse aggregate or a stockpile of combined coarse and fine 
aggregate, design a sampling plan for the specific case under 
consideration. This approach will allow the sampling agency 
to use a sampling plan that will give a confidence in results 
obtained therefrom that is agreed upon by all parties 
concerned to be acceptable for the particular situation. The 
sampling plan shall define the number of samples necessary 
to represent lots and sublots of specific sizes. General 
principles for sampling from stockpiles are applicable to 
sampling from trucks, rail cars, barges or other tra'nsporta- 
tion units. For general guidance in sampling from stockpiles, 
see the Appendix. 

4.3.4 Sampling from Roadway (Bases and Subbases)- 
Sample units selected by a random method, such as Practice 
D 3665, from the construction. Obtain at least three approx- 
imately equal increments, selected at random from the unit 
being sampled, and combine to form a field sample whose 
mass equals or exceeds the minimum recommended in 4.4.2. 
Take all increments from the roadway for the full depth of 
the material, taking care to exclude any underlying material. 
Clearly mark the specific areas from which each increment is 
to be removed: a metal template placed over the area is a 
definite aid in securing approximately equal increment 
weights. 

4.4 Number and Masses oJField Samples: 

TABLE 1 Size of Samples 
Approximate Mi 
Mass of F i  % 

Maximum Nominal Size 
of Aggregates" Ib (kSP 

Fbre A g g s t e  

NO. 8 (2.36 mm) 
No. 4 (4.75 mm) 

25 (10) 
25 (1 0) 

coarse Aggregate 
% in. (9.5 mm) 
' /a in. (12.5 mm) 
% in. (19.0 mm) 
1 in. (25.0 mm) 
1% in. (37.5 mm) 
2 in. (50 mm) 
2% in. (63 mm) 
3 in. (75 mm) 
3% in. (90 mm) 

25 (10) 
35 (15) 
55 (25) 
110 (50) 
165 (75) 
220 (loo) 
275 (125) 
33o ( 1 9 )  
335 (1 75) 

A For processed aggregate the nominal maximum size of partide 
sieve size listed in Me w e  spedfhtion. upm w h i i  a 
permitted to be retained. 

8 F O ~  combined coarse and fine' aggregates (for examp. bas 
minimum weight shall be coarse aggregate minimum plus 25 Ib (10 

4.4.1 The number of field samples (obtained by 
methods described in 4.3) required depends on thc 
of, and variation in, the properties to be measured. 
each unit from which a field sample is to be obtain 
sampling. The number of field samples from the I 
should be sufficient to give the desired confide] 
results. 
NOTE A u i d a n c e  for determining the number of saml 

to obtain the desired level of confidence in test results may 
Test Method D 2234, Practice E 105, Ractice E 122, i 
E 141. 

4.4.2 The field sample masses cited are tent 
masses must be predicated on the type and numt 
to which the material is to be subjected and 
material obtained to provide for the proper exc 
these tests. Standard acceptance and control tests a 
by ASTM standards and specify the portion 01 
sample required for each specific test. Generally 
the amounts specified in Table 1 will provide 
material for routine grading and quality analysis. E 
portions from the field sample according to Practic 
as required by other applicable test methods. 

5. Shipping Samples 
5.1 Transport aggregates in bags or other con 

constructed as to preclude loss or contamination c 
of the sample, or damage to the contents from m 
during shipment. 

5.2 Shipping containers for aggregate samples 
suitable individual identification attached and el 
that field reporting, laboratory logging, and test 
may be facilitated. 

6. Keywords 

gates, number and sizes needed to estimate 
aggregates, sampling 

6.1 aggregates, exploration of potential sourc 
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APPENDIXES 

(Nonmandatory Information) 

X1. SAMPLING AGGREGATE FROM STOCKPILES OR TRANSPORTATION UNITS 
X1.1 Scope 

X1.l.l In some situations it is mandatory to sample 
aggregates that have been stored in stockpiles or loaded into 
rail cars, barges, or trucks. In such cases the procedure 
should ensure that segregation does not introduce a serious 
bias in the results. 

aggregate the outer layer, which may have become segre- 
gated, should be removed and the sample taken from the 
material beneath. Sampling tubes approximately 1 %.-in. 
(30-mm) min by 6 fi (2-m) min in length may be .inserted 
into the pile at random locations to extract a minimum of 
five increments of material to form the sample. 

X1.2 Sampling from Stockpiles 
X1.2.1 In sampling material from stockpiles it is very 

difficult to ensure unbiased samples, due to the segregation 
which often occurs when material is stockpiled, with coarser 
particles rolling to the outside base of the pile. For coarse or 
mixed coarse and fine aggregate, every effort should be made 
to enlist the services of power equipment to develop a 
separate, small sampling pile composed of materials drawn 
from various levels and locations in the main pile after which 
several increments may be combined to compose the field 
sample. If necessary to indicate the degree of variability 
existing within the main pile, separate samples should be 
drawn from separate areas of the pile. 

X1.2.2 Where power equipment is not available, samples 
from stockpiles should be made up of at least three incre- 
ments taken from the top third, at the mid-point, and at the 
bottom third of the volume of the pile. A board shoved 
vertically into the pile just above the sampling point aids in 
preventing further segregation. In sampling stockpiles of fine 

X13 Sampling from Transportation Units 
X 1.3.1 In sampling coarse aggregates from railroad cars or 

barges, effort should be made to enlist the services of power 
equipment capable of exposing the material at various levels 
and random locations. Where power equipment is not 
available, a common procedure requires excavation of three 
or more trenches across the unit at points that will, from 
visual appearance, give a reasonable estimate of the charac- 
teristics of the load. The trench bottom should be approxi- 
mately level, at least 1 fi (0.3 m) in width and in depth below 
the surface. A minimum of three increments from approxi- 
mately equally spaced points along each trench should be 
taken by pushing a shovel downward 'into the material. 
Coarse aggregate in trucks should be sampled in essentialy 
the same manner as for rail cars or barges, except for 
adjusting the number of increments according to the size of 
the truck. For fine aggregate in tpnsportation units, sam- 
pling tubes as described in X1.2 may be used to extract an 
appropriate number of increments to form the sample. 

X2. EXPLORATION OF POTENTIAL AGGREGATE SOURCES 

X2.1 Scope 
X2.1.1 Sampling for evaluation of potential aggregate 

sources should be performed by a responsible trained and 
experienced person. Because of the wide variety of condi- 
tions under which sampling may have to be done it is not 
possible to describe detailed procedures applicable to all 
circumstances. This appendix is intended to provide general 
guidance and list more comprehensive references. 

X2.2 Sampling Stone from Quarries or Ledges 
X2.2.1 Inspection-The ledge or quarry face should be 

inspected to determine discernible variations or strata. Dif- 
ferences in color and structure should be recorded. 

X2.2.2 Sampling and Size of Sample-Separate samples 
having a mass of at least 50 lb (approximately 25 kg) should 
be obtained from each discernible stratum. The sample 
should not include material weathered to such an extent that 
it is no longer suitable for the purpose intended. One or more 
Pieces in each sample should be at least 6 by 6 by 4 in. (1 50 
by 150 by 100 mm) in sue with the bedding plane plainly 
marked, and this piece should be free of seams or fractures. 

X2.2.3 Record-In addition to the general information 

accompanying all samples the following information should 
accompany samples taken from ledges or quarry faces: 

X2.2.3.1 Approximate quantity available. (If quantity is 
very large this may be recorded as practically unlimited.) 

X2.2.3.2 Quantity and character of overburden. 
X2.2.3.3 A detailed record showing boundaries and loca- 

tion of material represented by each sample. 
NOTE X2.1-A sketch, plan, and elevation, showing the thickness 

and location of the different layers is recommended for this purpose. 

X23 Sampling Roadside or Bank Run Sand and Gravel 

X2.3.1 Znspecfion-Potential sources of bank run sand 
and gravel may include previously worked pits from which 
there is an exposed face or potential deposits discovered 
through air-photo interpretation, geophysical exploration, or 
other types of terrain investigation. 

X2.3.2 Sampling-Samples should be so chosen from 
each different stratum in the deposit discernible to the 
sampler. An estimate of the quantity of the different mate- 
rials should be made. If the deposit is worked as an open-face 
bank or pit, samples should be taken by channeling the face 

Deposits 

I .. 6 .  
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vertically, bottom to top, so as to represent the materials 
proposed for use. Overburdened or disturbed material should 
not be 'included in the sample. Test holes should be 
excavated or drilled at numerous locations in the deposit to 
determine the quality of the material and the extent of the 
deposit beyond the exposed face, if any. The number and 
depth of test holes will depend upon the quantity of the 
material needed, topography of the area, nature of the 
deposit, character of the material, and potential value of the 
material in the deposit. If visual inspection indicates that 
there is considerable variation in the material, individual 
samples should be selected from the material in each well 
defined stratum. Each sample should be thoroughly mixed 
and quartered if .necessary so that the field sample thus 
obtained will be at least 25 lb (1 2 kg) for sand and 75 Ib (35 

kg) if the deposit contains an appreciable am 
aggregate. 

X2.3.3 Record-In addition to the gener 
accompanying all samples the following info] 
accompany samples of bank run sand and gr 

X2.3.3.1 Location of supply. 
X2.3.3.2 Estimate of approximate quantiq 
X2.3.3.3 Quantity and character of overbu 
X2.3.3.4 Length of haul to proposed site o 
X2.3.3.5 Character of haul (kind of ro 

X2.3.3.6 Details as to extent and locatic 

NOTE X2.2-A sketch of plans and elevations, shob 

grades, etc.) 

represented by each sample. 

and IOC&OZ of.r;nP~~=! hpr; I rx,xiiiiiieuriai ior u 

X3. NUMBER AND SIZE OF INCREMENTS NEEDED TO ESTIMATE CHARACI'ER OF UNIT S 

x3.1 scope 

responsible committee in the development of this practice. 

X3.2 Descriptions of Terms Specific to This Standard 
X3.2.1 field sample-a quantity of the material to be 

tested of sufficient sue to provide an acceptable estimate of 
the average quality of a unit. 

X3.2.2 lot-a sizable isolated quantity of bulk material 
from a single source, assumed to have been produced by the 
same process (for example, a day's production or a specific 
mass or volume). 

X3.2.3 test portion-a quantity of the material of suffi- 
cient size extracted from the larger field sample by a 
procedure designed to ensure accurate representation of the 
field sample, and thus of the unit sampled. 

X3.2.4 unit-a batch or finite subdivision of a lot of bulk 
material (for example, a truck load or a specific area 
covered). 

X33 Test Unit, Si, and Variability 
X3.3.1 The unit to be represented by a sing 

should neither be so large as to mask the effect 
X3.1.1 This appendix presents the rationale used by the 

variability within-the unit nor be so small as to 
the inherent variability between small  portio^ 
material. 

X3.3.2 A unit of bulk material compos 
aggregate or aggregate mixtures might con 
truckload. If it were possible, the entire load m 
as a practical matter, a field sample is compo: 
more increments chosen at random from the n 
loaded or unloaded From the truck. Research t 
such a procedure permits an acceptable estima 
of the average gradation that might be measur 
20 increments from the truck. 

X3.3.3 Significant variability with a lot of xr 
it might exist, should be indicated by statisti 
such as the standard deviation between uni 
random from within the lot. 

SUMMARY OF CHANGES 

This section identifies the location of selected changes to 
this practice that have been incorporated since the last issue. 
For the convenience of the user, Committee D-4 has high- 
lighted those changes that may impact the use of this 

practice. This Section may also include descn 
changes or reasons for the changes, or both. 

(1) Appendix X3 was added. 

The American Society for Tsting and Materials takes no pasition mpecting the validity of any petem fights esse- in connecfion 
with any item mentimed in lhis standard. Users of this standard are e-ly advised that determination of the validity ot any such 
petent rights, and the risk of infri- of such rghts, are entirely their own responsibility. 

This standardis sobjscf to rwision B1 any time by the responsible technicdcommitree andmust be rwiewed every five years and 
ifnot rwised, either ~ p f o v e d  or withdrawn. Your m m t s  are imited Mher for revision of lhis stenderd or for additional stand& 
and should be addressed to ASTM He8dquarlers. Your avnmenfs will receive careful consideraticn at a meeting of the respasibk, 
technical COmmineB. which you may attend. I f  you feel that your comments have not received a fair hewing you shouid make your 
views known to the ASTM Cornmitree on Standards, 1916 Rarx St.. Philadelphia. PA 19103. 
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INTRODUCIION 

Investigation, sampling, and identification of subsurface materials involve complex techniques 
accomplished by many different procedures and interpretations. These are frequently site specific 
and are influenced by geological and geographical conditions; purpose of the investigation; design 
requirements; and the background, training, and experience of the investigator. 

This guide for soil, rock, and ground water investigation and sampling, based on standard 
procedures, will lessen inconsistency and will encourage rational methods of site evaluation. An 
acceptable and consistent investigation and sampling program will help to determine the influence 
of geologic and geographic environment on subsurface conditions. 

1. scope 
1 . 1  This guide identifies recognized methods by which 

soil, rock, and ground water conditions may be determined. 
The objective of the investigation should be to identify and 
locate, both horizontally and vertically, significant soil and 
rock types and ground water conditions present within a 
given site area and to establish the characteristics of the 
subsurface materials by sampling and in situ testing. Labora- 
tory testing of soil and rock samples is governed by other 
ASTM standards. 

1.2 Key words: 
1.2.1 Site Investigations (see Practice D 3584): 
UF Reconnaissance Surveys 

Subsurface Investigations 
Geological Investigations 
Field Investigations 

BT Explorations 
Feasibility Studies 

NT Hydrologic Investigations 
Foundation Investigations 
Geophysical Investigation 

Maps 
Preliminary Investigations 
Sampling 

RT Soil Sweys 

1.3 The values stated in inch-pound units are to be 
regarded as the standard. 

2. Referenced Documents 

2.1 ASTM Slandards: 
C 119 Definitions of Terms Relating to Dimension ~ 

Stone’ 

I This guide is under the jurisdiction of ASTM Commim D-18 OD kid and 
Rock and U the direct responsibiiity of S u b m m i n a  D18.01 on Surface vd 
Subs~rfac~ R&onuakance. 

C 294 Descriptive Nomenclature of Constituents of Nat- 

C 85 1 Practice for Estimating Scratch Hardness of Coarse 

D 75 Practice for Sampling Aggregates’ 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 1 194 Test Method for Bearing Capacity of Soil fof Static 
Load on Spread Footin& 

D1452 Practice for Soil Investigation and Sampling by 
Auger brings2 

D 1586 Method for Penetration Test and Split-Barrel 
Sampling of soils2 

D 1587 Practice for Thin-Walled Tube Sampling of Soils’ 
D 21 13 F’ractice for Diamond Core Drilling for Site 

Investigation2 
D2487 Test Method for Classification of Soils for Engi- 
neering hrposes2 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Procedure)’ 

D2573 Test Method for Field Vane Shear Test in Cohe- 
sive Soil2 

D2607 Classification of Pats,  Mosses, Humus, and Re- 
lated ~ o d u c t s ~  

D2937 Test Method for Density of Soil In Place by the 
Drive-Cylinder Method’ 

D3282 Practice for Classification of Soils and Soil-Ag- 
gregate Mixtures for Highway Construction Purpod 

D 3385 Test Method for Infiltration Rate of Soils in Field 
Using Double-Ring Infiltrometers* 

D3397 Methods for Triaxial Classification of Base Mate- 
rials, Soils, and Soil Mixtures4 

D3441 Test Method for Deep, Quasi-Static, Cone and 
Friction-Cone Penetration Tests of Soil’ 

D 3550 Practice for Ring-Lined Barrel Sampling of Soils* 

ural Mineral Aggregates3 

Aggregate Particles3 

Fluid? 

current edition&&ved Aug 19, 1987. Published October 1987. Originally 

‘ Annual Bodc of ASTM Slandards, Vol04.08. 
published as D 420 - 65 T. Last previous edition D 420 - 69 (1979)“. 3 Ann& Book of ASTM Standards, VOI 04.02. 

4 Ann& Book of ASTM Standards, v0104.03. 
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D3584 Practice for Indexing Papers and Reports on Soil 
and Rock for Engineering Purposes’ 

D 3740 Practice for the Evaluation of Agencies Engaged in 
the Testing and/or Inspection of Soil and Rock as Used 
in Engineering Design and Construction’ 

- D4083 Practice for Description of Frozen Soils (Visual- 
Manual P r d ~ r e ) ~  

D4220 Practices for Preserving and Transporting Soil 
Samples’ 

D4427 Classification of Peat Samples by Laboratory 
Testing’ 

G 5 1 Test Method for pH of Soil for Use in Corrosion 
Testing? 

G57 Method for Field Measurement of Soil Resistivity 
LJdng the Wenner Four-Electrode Method’ 

3. Significance and Use 
3.1 An adequate soil, rock, and ground water investiga- 

tion provides pertinent information for decision making on 
one or more of the following subjects: 
3.1.1 Location of the proposed construction both verti- 

cally and horizontally. 
3.1.2 Location and preliminary evaluation of suitable 

borrow and other local sources of construction material. 
3.1.3 Need for special excavating and dewatering tech- 

niques. 
3.1.4 Investigations of slope stability in natural slopes, 

cuts, and embankments. 
3.1.5 Conceptual selection of embankment types, founda- 

tions for structures, and hydraulic barrier requirements. 
3.1.6 Ground water resource planning and development 

of detailed investigations. 
3.1.7 Identification of ground water contamination and 

development of detailed monitoring studies. 
3.1.8 Development of additional detailed subsurface in- 

vestigations for specific structures or facilities. 
3.2 A subsurface soil, rock, and ground water investiga- 

tion should provide sufficiently large soil and rock samples of 
such quality as to allow adequate testing to determine the soil 
or rock classification or mineralogic type, or both, and the 
engineering properties pertinent to the proposed design. 
3.3 This guide is not meant to be an inflexible description 

of investigation requirements; other techniques may be 
applied as appropriate. 

4. Apparatus 
4.1 The type of equipment required for a subsurface 

investigation depends upon various factors including the 
type of subsurface material, the depth of exploration, the 
nature of the terrain, and the intended use of the data. 
4.2 Hand Augers, Hole Diggers, Shovels, and Push Tube 

Samplers, suitable for exploration of surficial soils to depths 
of 3 to 9 ft (1 to 3 m). 
4.3 Eanh Excavation Equipment, such as backhoes, 

draglines, and drilled pier augers (screw or bucket) to allow 
in situ examination of soil deposits and sampling of mate- 
rials containing very large particles. 

and for evaluating variations in soil and rock propert 
5.1.1 Satellite and aircraft spectral mapping tools, ! 

LANDSAT, may be used to find and map the areal er 
subsurface materials and geologic structure. Interpreu 
aircraft photographs and satellite imagery may lw 
identify significant geologic features that may be inc 
of faults and fractures. Some ground control is gf 
required to verify information derived from remote 
data. Table 13.8 of Ref (1)’ is a useful summary of 
sensing capabilities. 

5. I .2 Seismic refraction/reflection and ground pen 
radar techniques may be used to map soil horizc 
depth profiles, water tables, and depth to bedrock i 
situations, with depth penetration and resolution 
with local conditions. Electromagnetic induction, e 
resistivity, ana induced poiarizaiion (or isiii9:e;i. ic 
techniques may be used to map variations in water 
and quality, clay horizons, stratification, and d 
aquifer/bedrock. Other geophysical techniques ! 

gravity and magnetic methods may be useful undei 
specific conditions. Crosshole shear wave velocity t 
mens may provide soil and rock parameters for 
analyses. 

sampling are: 
5.4 Currently available ASTM standards on bo1 

5.4.1 Practice D 1452 on auger boring. 
5.4.2 Method D 1586 on standard penetration te 
5.4.3 Practice D 1587 on thin walled tube sampl 
5.4.4 Practice D 21 13 on diamond core drilling. 
5.4.5 Test Method D 2573 on field vane shear te 
5.4.6 Test Method D 3385 on double ring infiltri 
5.4.7 Method D 3441 on cone penetration tests. 
5.4.8 hactice D 3550 on ring-lined barrel sampl 

6. Exploration Plan 
6.1 The project design and performance reqt 

must be established prior to final developmen 
exploration plan. A complete soil, rock, and grou 
investigation should encompass the following activ 
6.1.1 Review of available information on the 

history, rock, soil, and ground water conditions oci 
the proposed location and in the immediate vicin 
site. 
6.1.2 Interpretation of air-photo and other rem0 

data. 
6.1.3 Field reconnaissance for identification o 

geologic conditions, mapping of stratigraphic expc 
outcrops, and examination of the performance ( 
structures. 
6.1.4 On site investigation of the surface and ! 

materials by geophysical surveys, brings, or test I 
6.1.5 Recovery of representative disturbed sa 

laboratory classification tests of soil, rock, and 
struction material. These should be supplemented 
turbed specimens suitable for the determinatioi 
engineering properties pertinent to the investigatic 
6.1.6 Determination of the position of the gra 

table, or water tables if there is perched or art& 
5. Techniques 
5.1 Geophysical or remote sensing techniques may be 

used for mapping of the areal extent of geological formations 
’ The boldfsce numbers in parentheses refer to the List of refem 

of this standard. 
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water, and of the variability of that position in both short and 
long time frames. 

6.1.7 Determination of the location of suitable foundation 
material, either bedrock or satisfactory load-bearing soils. 

6.1.8 Field identification of soil and rock types with the 
depth of their Occurrence and the locations of their structural 
discontinuities. 

6.1.9 Evaluation of the performance of existing installa- 
tions, relative to their foundation material and environment 
in the immediate vicinity of the proposed site. 

7. Reconnaissance of Project Area 
7.1 Technical data should be reviewed before any field 

program is started. This includes, but is not limited to, 
topographic maps, airphotos, satellite imagery, geologic 
maps, statewide or county soil surveys and mineral resource 
surveys, and engineering soil maps covering the proposed 
project area. Reports of subsurface investigations of nearby 
or adjacent projects should be studied. 

NOTE I - W e  certain of the older maps and reports may be 
obsolete and of limited value in the light of Current knowledge, a 
comparison of the old with the new will often reveal valuable unex- 
pected information. 

7.1.1 The United States Geological Survey and the geolog- 
ical surveys of the various states are the principal sources of 
geologic maps and reports on mineral resources and ground 
water. 

7.1.2 United States Department of Agriculture Soil Con- 
servation Service soil survey reports, where available and of 
recent date, should enable the engineer to estimate the range 
in soil profile characteristics to depths of 5 or 6 ft (1.5 or 2 m) 
for each soil mapped. 

NOTE 2-Each soil type has a distinctive soil profile due to age, 
parent material, relief, climatic condition, and vegetative cover. These 
properties can assist in identifying the various soil types, each requiring 
special engineering considerations and treatment. Similar engineering 
soil properties are often found where similar soil protile characteristics 
exist. Changes in soil properties in adjacent areas often indicate changes 
in parent material or relief. 

7.2 In areas where descriptive data are limited by inade- 
quate geologic or soils maps, the soil and rock in open cuts in 
the vicinity of the proposed project should be studied and 
various soil and rock profdes noted. Field notes of such 
studies should include data outlined in 8.4. 

7.3 Where a preliminary map covering the area of the 
project is desired, it can be prepared on maps compiled from 
airphotos showing the ground conditions. The distribution of 
the predominant soil and rock deposits likely to be encoun- 
tered during the investigation may be shown using data 
obtained from geologic maps and limited ground reconnais- 
sance. Experienced airphoto interpreters can deduce much 
wbsurface data from a study of black and white, color, and 
infrared photographs because similar soil or rock conditions, 
Of both, usually have similar airphoto patterns in regions of 
similar climate or vegetation. 

7.4 In areas where documentary information is insuffi- 
dent, some knowledge of subsurface conditions can be 
obtained from land owners and local well drillers and 
construction people. 

N m E  3-This preliminary map may be expanded into a detailed 
enBnering map by locating all test holes, pits, and sampling stations 
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and by revising boundaries as determined from the detailed subsurface 
survey. I 

8. Determination of Subsurface Conditions 
8.1 Subsurface conditions are positively defined only at 

the individual test pit, hole, boring, or open cut examined. A 
stratigraphic profile can be developed by detailed investiga- 
tions only where determinations of a continuous relationship 
of the depths and locations of various types of soil and rock 
can be made. This phase of the investigation may be 
implemented by plotting logs of soil and rock exposures in 
walls of excavations or cut areas or by plotting logs of the test 
boring, or both, and then interpolating between these logs. 
The spacing of these investigations will depend on the 
geologic complexity of the project area and on the impor- 
tance of soil and rock continuity to the project design. 
Exploration should be deep enough to identify all strata that 
might be significantly affected by the proposed use of the site 
and to develop the engineering data required to allow 
analysis of the items listed in Section 3 for each project. 

8.2 Geophysical survey methods may be used to supple- 
ment borehole and outcrop data and to interpolate between 
holes. Seismic, ground penetrating radar, and electrical 
resistivity methods can be particularly valuable when distinct 
differences in the properties of contiguous subsurface mate- 
rials are indicated. 

8.2.1 The seismic refraction method is especially useful in 
determining depth to, or rippability of, rock in locations 
where successively denser strata are encountered. 

8.2.2 The seismic reflection method is useful in delin- 
eating geological units at depths below 10 ft (3 m). It is not 
constrained by layers of low seismic velocity and is especially 
usell in areas of rapid stratigraphic change. 

8.2.3 The electrical resistivity method is similarly useful in 
determining depth to rock and anomalies in the stratigraphic 
profile, in evaluating stratified formations where a denser 
stratum overlies a less dense stratum, and in investigation of 
prospective sand-gravel or other sources of borrow material. 
Resistivity parameters also are required for the design of 
grounding systems and cathodic protection for buried struc- 
tures. 

8.2.4 The ground penetrating radar method is useful in 
defining soil and rock layers and manmade structures in the 
depth range of 1 to 30 ft ('13 to 10 m). 

NOTE 4-Geophysical investigations can be a useful guide in deter- 
mining boring or test hole locations. The interpretation of geophysical 
studies should be verified by boring or test excavations. 

8.3 The depth of exploratory brings or test pits for 
roadbeds, airport paving, or vehicle parking areas should be 
to at least 5 ft ( 1.5 m) below the proposed subgrade elevation. 
Special circumstances may increase this depth. brings for 
structures or embankments should extend below the level of 
significant influence of the proposed load as determined by a 
subsurface stress analysis. 

8.3.1 When drainage may be influenced by either per- 
vious water-bearing materials or impervious materials that 
can block internal drainage, brings should extend down 
into these materials sufficiently to determine those engi- 
neering and geologic properties relevant to the project 
design. 



d a c e  

dy at 
ed. A 
.Stiga- 
nship 
rock 

.Y be 
res in 
!.e test 
logs. 

1 the 
npor- 
=sign. 
a that 
le site 
allow 
t. 
ipple- 
tween 
A r i d  
stinct 
mate- 

:ful in 
ations 

delin- 

:cLu y 

dul in 
.-aphic 
fenser 
ion of 
terial. 
Ign of 
stlUC- 

ful in 
in the 

I' 

deter- 
hysical 

ts for 
ild be 
ation. 
gs for 
vel of 
d b y a  

r per- 
s that 
dr-a  

TOJeCt 

e@ D420 

8.3.2 In all borrow areas the boring or test pits should be 
sufficient in number and depth to outline the required 
quantities of material meeting the specified quality require- 
ments. 
8.3.3 Where frost penetration must be considered in the 

behavior of soil and rock, borings should extend significantly 
below the depth of maximum frost penetration. 
8.4 Exploration records shall be kept in a systematic 

manner for each project. Such records shall include: 
8.4.1 Description of each site or area investigated. Each 

test hole, boring, test pit, or geophysical test site shall be 
clearly located (horizontally and vertically) with reference to 
Some established coordinate system, datum, or permanent 
monument. 
8.4.2 Logs of each test hole, boring, test pit, or cut surface 

exp=;u:e ir. which the field &&piion ana iocation of each 
material encountered is clearly shown either by symbol or 
word description. 
NOTE 5-Color photographs of rock cores, soil samples, and exposed 

mta may be of considerable value. Each photograph should include an 
identifying number or symbol, a date, and a scale. 

8.4.3 Identification of all soils based on Practice D 2488, 
Classification D 2607, or Practice D 4083. Identification of 
rock materials based on Definitions of Terms C 119, De- 
scriptive Nomenclature C 294, or Practice C 85 l .  classifica- 
tion of soil materials is discussed in Section 10. 
8.4.4 Seepage and water-bearing zones and piezometric 

elevations found in each test hole, boring, or test pit. 
8.4.5 In situ test results, where required, such as the 

penetration resistance or vane shear tests discussed in 9.3, 
plate load tests, or other in situ tests for engineering 
properties of soils or rokk. 
8.4.6 Percentage of core recovery and rock quality desig- 

nation in core drilling as outlined in 9.3.5. 
8.4.7 Graphical presentation of field and laboratory data 

and its interpretation facilitates comprehensive under- 
standing of subsurface conditions. 

9. Sampling and In Situ Testing 
9.1 Obtain representative samples of each subsurface 

material that is significant to the project design and construc- 
tion. The size and type of sample required is dependent upon 
the tests to be performed and the percentage of coarse 
particles in the sample. 

NOTE &The size of disturbed or bulk samples for routine tests may 
vary at the discretion of the geotechnical investigator, but the following 
quantities are suggested as suitable for most materials: (a) Visual 
classification-SO to SO0 g (2 02 to I Ib); (b) Soil constants and particle 
size analysis of non-gravelly soil-SO0 g to 2.5 kg (1  to 5 Ib); (c) Soil 
compaction tests and sieve analysis of gravelly soils-20 to 40 kg (40 to 
80 Ib); (d)  Aggregate manufacture or aggregate properties tests-SO to 
200kg(1O0to400Ib). 
9.2 Accurately identify each sample with the boring, test 

hole, or testpit number and depth below reference ground 
surface from which it was taken. Place a waterproof identifi- 
cation tag inside the container, securely close the container, 
Protect it to withstand rough handling, and mark it with 
Proper identification on the outside. Keep samples for 
natural moisture determination in sealed containers to 
Prevent moisture loss. When drying of samples may affect 
classification or engineering properties test results, protect 
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them to minimize moisture loss. Practices D 
the transportation of samples from field to lab 
9.3 Recommended ASTM procedures for in 

and testing'are as follows: 
9.3.1 Practice D 75 describes the sampling ( 

fine aggregates for the preliminary investigatiol 
tial source of supply. 
9.3.2 Test Method D 1194 describes the estii 

bearing capacity of soil in place by means of 
tests. The results can be useful for design of sp 
based on static loading conditions. The load tc 
performed in conjunction with other field tests 
accordance with Method D 1586 or Method 
allow a determination of the applicability of thc 
9.3.3 Practice D 1452 describes the we nf a 

investigations and sampling where disturbed soil 
be used. This procedure is also valuable in con 
ground water exploration. Depths of auger inve! 
limited by ground water conditions, soil charac 
equipment used. 
9.3.4 Method D 1586 describes a procedui 

representative soil samples for identification ill 
tion laboratory tests and to measure the resistan 
to penetration by a standardized sampler. 
9.3.5 Practice D 1587 describes a procedun 

relatively undisturbed soil samples suitable fo 
testing. 
9.3.6 Practice D2113 describes a procedun 

intact samples of rock and certain soils too hard 
Method D 1586 or Practice D 1587. 
9.3.7 Practice D3550 describes a procedurc 

moderately disturbed, representative samples 
classification testing and in some cases shear or C I  
testing. 
9.3.8 Test Method D 2573 describes a procec 

sure the in situ unit shear resistance of coha 
rotation of a four-bladed vane in a horizontal pl 
9.3.9 Test Method D2937 describes a prl 

pushing a thin-wall tube 4 to 6 in. (100 to 150 
soil mass to recover a relatively undisturbed 
known volume allowing the measurement of 1 

density and natural moisture content. 
9.3.10 Test Method D 3385 describes a proced 

measurement of the infiltration rate of soils. W; 
constant head is allowed to seep into the top ! 
fned soil area and the volume rate of inflow in 
volume of soil is measured. 
9.3.1 I Method D 344 1 describes the determin 

end bearing and side friction components of the I 
penetration of a conical penetrometer into a soil 
9.3.12 Method G 57 describes the measuren 

electrical resistivity of a soil mass. A Wenner foi 
configuration is used. 

NOTE 7-0ther in situ test procedures are being p m  
Committee D 18. 

10. Classification of Earth Materials 
10.1 Identify samples of soil and rock after sul 

the laboratory for identification and classificati 
accordance with one or more of the following sl 
applicable references (2 through ll), or both. 



10.1.1 Descriptive Nomenclature 294. 
10.1.2 Test Method D 2487. 
10.1.3 Practice D 3282. 
10.1.4 Method D 3397. 
10.1.5 Practice D 2488. 
10.1.6 Practice D 4083. 

I 10.1.7 Classification D 4427. 

11. Subsurface Profile 
11.1 Delineate subsurface profiles only from actual 

geophysical, test-hole, test-pit, or cut-surface data. Interpola- 
tion between locations should be made on the basis of 
available geologic knowledge of the area and should be 
clearly identified. The use of geophysical techniques as 
discussed in 8.2 is a valuable aid in such interpolation. 
Geophysical survey data should be identified separately from 
sample data or in situ test data. 

12. Interpretation of Results 
12.1 Interpret the results of an investigation in terms of 

actual findings and make every effort to collect and include 
all field and laboratory data from previous investigations in 
the same area. Extrapolation of data into local areas not 
surveyed and tested should be made only for conceptual 
studies. Such extrapolation can be done only where geologi- 
cally uniform subsurface disposition of soil and rock is 
known to exist on the basis of other data. Engineering 
properties of the soil and rock encountered on important 
projects should not be predicted solely on field identification 
or classification but should be verified by laboratory tests 
made on samples collected in accordance with Section 9 or 
by in situ testing, or both. 

12.2 The recommendations for design parameters can be 
made only by professional engineers or geologists special- 

izing in the field of geotechnical engineering and familiar 
with the purpose, conditions, and requirements of the study. 
Soil mechanics, rock mechanics, and geomorphological con- 
cepts must be combined with a knowledge of geotechnical 
engineering or hydrogeology to make a complete application 
of the results of the soil, rock, and ground water investiga- 
tion. Complete design recommendations may require a more 
detailed study than that envisioned by this guide. 

13. Report 
13.1 The report of a subsurface investigation shall in- 

clude: 
13.1.1 Location of the area investigated in terms pertinent 

to the project. This may include sketch maps or aerial photos 
on which the test pits, bore holes, and sample areas are 
located, as well as geomorphological data relevant to the 
determination of the various soil and rock types. Such data 
includes elevation contours, streambeds, sink holes, cliffs, 
and the like. Where feasible, include in the report a geologic 
map or an agronomic soils map, or both, of the area 
investigated. 

13.1.2 Describe the investigation procedures and include 
copies of all borings and testhole logs, all laboratory test 
results, and graphical interpretations of the geophysical 
measurements. 

13.1.3 Include cross sections delineating the extent of the 
stratigraphic units and note anomalies or otherwise signifi- 
cant conditions. 

13.1.4 Describe and relate the findings obtained under 
Sections 7, 8, and 12, using the subhead titles for the 
respective sections. 

14. Precision and Bias 

precision and bias statement is not applicable. 
14.1 This guide provides qualitative data only; therefore, a 
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if not revised. either m o v e d  or withdrawn. Your c~mments are invited either for revision of this standwd or fcw a d d i t i d  standards 
and should be addressed to ASTM Headqmers. Your comments will receive careful consi&rattiOn at e meeting of the respmible 
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Designation: D 421 - 85 #Tb 
Standard Practice for 
Dry Preparation of Soil Samples for Particle-Size Analysis and 
Determination of Soil Constants' 

This standard is issued under the fixed designation D 421: the number immediately following the designation indicates the year of 
original adoption or. in the case of revision, the year of last revision. A number in parenthem indicates the year of last reapproval. A 
superscript epsilon (c) indicates an editorial change since the last revision or reapproval. 

1. Scope 
1.1 This practice covers the dry preparation of soil sam- 

p!pg E rweive- fkm- the fie!- fer p*!&-&e ..C&lSiS ..Ed 
the determination of the soil constants. 

1.2 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It  is 
the responsibility of whoever uses this standard to consult and 
establish appropriate safety and health practices and deter- 
mine the applicability of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
D2217 Practice for Wet Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil 
Constants' 

E 11  Specification for Wire-Cloth Sieves for Testing 
~urposes' 

3. Significance and Use 
3.1 This practice can be used to prepare samples for 

particle-size and plasticity tests where it is desired to deter- 
mine test values on air-dried samples, or where it is known 
that air drying does not have an effect on test results relative 
to samples prepared in accordance with Practice D 22 17. 

4. Apparatus 
4.1 Balance, sensitive to 0.1 g. 
4.2 Mortar and Rubber-Covered Pestle, suitable for 

breaking up the aggregations of soil particles. 
4.3 Sieves-A series of sieves, of square mesh woven wire 

cloth, conforming to Specification E 11. The sieves required 
are as follows: 

No. 4 (4.75-mm) 
No. IO (2.00-mm) 
NO. 40 (425-pm) 

4.4 Sampler-A rime sampler or sample splitter, for 
quartering the samples. 

5. Sampling 
5.1 Expose the soil sample as received from the field to the 

This practice is under the jurisdiction of ASTM Comminee D18 on Soil and 
Rock and is the direct responsibility of Subcommittee D18.03 on Texture, 
Plasticity, and Density Characteristics of Soils. 

Current edition approved July 26, 1985. Published September 1985. Originally 
published as D 42 I - 35 T. Last previous edition D 42 I - 58 ( 1978)". 

Annual Book of ASTM Standards, Vol04.08. 
. 'Ann?! Book of ASTM Standards, Vol 14.02. 

. .  , . .i i. c .a ,- 
I 

8. Test Sample for Soil Constants 
8.1 Separate the remaining portion of the ma 

the No. 10 (2.00-mm) sieve into two parts by ml 
40 (425-pm) sieve. Discard the fraction retainel 
40 sieve. Use the fraction passing the NO. 40 
determination of the soil constants. 
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air at room temperature until dried thoroughly. 1 
aggregations thoroughly in the mortar with a rut 
pestle. Select a representative sample of the amo' 
to perform the desired tests by the method of q 
by the use of a sampler. The amounts of materia 
perform the individuak tests are as follows: 

5.1.1 Particle-Size Analysis-For the panic 
ysis, material passing a No. 10 (2.00-mm) sieve i: 
amounts equal to 115 g of sandy soils and 65 g 
or clay soils. 

5.1.2 Tests for Soil Constants-For the tt 
constants, material passing the No. 40 (425-1 
required in total amount of 220 g, allocated as 1 

Ten Grams 
Liquid limit 100 
Plastic limit 15 
Centrifuge.moiaure quivalent I O  

. Volumetric shrinkage ' 30 
65 Check tests 

6. Preparation of Test Sample 
6.1 Select that portion of the airdried sampb 

purpose of tests and record the mass as the mas 
test sample uncorrected for hygroscopic moist1 
the test sample by sieving with a No. 10 (2.0( 
Grind that fraction retained on the No. 10 sieve 
with a rubber-covered pestle until the aggrega 
particles are broken up into the separate 
separate the ground soil into two fractions by si 
No. 10 sieve. 

6.2 Wash that fraction retained after the set 
free of all fine material, dry, and weigh. Record 
the mass of coarse material. Sieve the coarse xr 
being washed and dried, on the No. 4 (4.75-mi 
record the m a s  retained on the No. 4 sieve. 

7. Test Sample for Particlesize Analysis 
7.1 Thoroughly mix together the fractions pa 

10 (2.00-mm) sieve in both sieving operations 
method of quartering or the use of a sampler, sel 
weighing approximately 1 15 g for sandy soils I 

mately 65 g for silt and clay soil for particle& 
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The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection 
wiih any item mentioned in this standard. Users ot this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringemen? of such rights. are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical comminee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarters. Your commems will receive careful consideration at a meeting of the responsible 
technical cornminee, which you may attend. M you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on standards. 7976 Race St., Philadelphia, PA 19103. 
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IR-Designation: D 422 - 63 (Reapproved 1990)t' 

Standard Test Method for 
Particle-Size Analysis of Soils' 

This standard is issued under the tixed designation D 422: the number immediately following the designation indicates the year of 
original adoption or. in the a of rcvisioa the year of last revision. A number in parentheses indicates the year of Ian reapprova~. A 
supcrrript epsilon (e) indicates an editorial change since the last revision or reapprod. 

'I Nm--Scction 19 was added editorially in September 1990. 

1. scope 
1 . 1  This test method covers the quantitative determina- 

tion of the distribution of particle sizes in soils. The 
&ribution- cf =~ic!e s i i  !xgsi 'h i i  75 pm (rerained on 
the No. 200 sieve) is determined by sieving, while the 
distribution of particle shes smaller than 75 pm is deter- 
mined by a sedimentation process, using a hydrometer to 
secure the neceSSary data (Notes 1 and 2). 
NOTE I-Separation may be made on the No. 4 (4.75-mm), No. 40 

(425-pm), or No. 200 (75ym) sieve instead of the No. 10. For whatever 
sieve used, the size shall be indicated in the repon. 
NOTE 2-Two types of dispersion devices are provided: (I) a 

high-speed mechanical stirrer, and (2) air dispersion. Extensive investi- 
gations indicate that air-dispersion devices produce a more positive 
dispersion of plastic soils below the 20-pm size and appreciably less 
degradation on all sizes when used with sandy soils. Because of the 
definite advantages favoring air dispersion, its use is recommended. The 
results from the two types of devices differ in magnitude, depending 
upon soil type. leading to marked differences in particle sue distribu- 
tion, especially for sizes finer than 20 pm. 

2. Referenced Documents 
2.1 ASTM Standards: 
D421 Practice for Dry, Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil 
Constants2 

E 11 Specification for Wire-cloth Sieves for Testing 
Purposes3 

E 100 Specification for ASTM Hydrometers4 

3. Apparatus 
3.1 Balances-A balance sensitive to 0.01 g for weighing 

the material passing a No. 10 (2.0b-mm) sieve, and a balance 
sensitive to 0.1 !% of the mass of the sample to be weighed for 
weighing the material retained on a No. 10 sieve. 

3.2 Stirring Apparatus-Either apparatus A or B may be 
used. 

3.2.1 Apparatus A shall consist of a mechanically oper- 

' This tea mahal u under the jurisdinion of ASTM Committee D 18 on Soil 
and Rock and is the direct responsibility of Subcommittee D18.03 on Texture, 
Pksticity, and Density Characteristics of Soils. 
Current edition approval Nov. 21, 1963. Originally published 1935. Replaces 

'Annual Book of ASTM SI&&, Vol 14.02.. 
A n n 4  Book ofASTM SI&&, Vol 14.03. 

D 422 - 62. 
~ n n 4  of ASTM st&&, voi 04.08. 

ated stimng device in which a suitably mou 
motor turns a vertical shaft at a speed of not lea 
rpm without load. The shaft shall be equif 
- - - 1 -  ,cpaceabie - - srimng padde made of metal, pla 
rubber, as shown in Fig. 1. The shaft shall be ol 
that the stimng paddle will operate not less thai 
mm) nor more than 1 L/z in. (38.1 mm) above tf 
the dispersion cup. A special dispersion cup co 
either of the designs shown in Fig. 2 shall be pro1 
the sample while it is being dispersed. 

3.2.2 Apparatus B shall consist of an air-je 
cup' (Note 3) conforming to the general details SI 
3 (Notes 4 and 5). 

NOTE 3-The amount of air required by an air-jet dis 
of the order of 2 ft3/min; some s m d  air compresson are 
supplying sufficient air to operate a cup. 
NOTE &Another air-type dispersion device, known a 

tube, developed by Chu and Davidson at Iowa State Col 
shown to give results equivalent to those secured by the air 
cups. When it is used, soaking of the sample can be 
sedimentation cylinder, thus eliminating the need for tr; 
sluny. When the air-dispersion tube is used, it shall be SI 
the report. 

NOTE 5-Water may condense in air lines when not 
water must be removed, either by using a water trap on the 
blowing the water out of the line before using any o 
dispersion purposes. 

3.3 Hydrometer-An ASTM hydrometer, gr 
read in either specific gravity of the suspension 01 

litre of suspension, and conforming to the requir 
hydrometers 15 1 H or 152H in Specifications E I (  
sions of both hydrometers are the same, the scalc 
only item of difference. 

3.4 Sedimentation Cylinder-A gl& cylinder 
18 in. (457 mm) in height and 2% in. (63.5 mm) ir 
and marked for a volume of IO00 mL. The insid 
shall be such that the 1000-mL mark is 36 +: 2 cn 
bottom on the inside. 

3.5 Thermometer-A thermometer accurate 
(OS'C). 

3.6 Sieves-A series of sieves, of square-mesh H 
cloth, conforming to the requirements of Specitica 
A full set of sieves includes the following (Note 6) 

Detailed working drawingc for this cup are aMilable at a nomi 
the American Society for Testing and Materials, 1916 Race Sr, Phil 
19103. Order Adjunct No. 12-404220. 
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Sin. (75-mm) 
2-in. (50-mm) 
1%-in. (37.5-mm) 
1-in. (25.0-mm) 
%-in. (19.0-mm) 
%in. (9.5-mm) 
No. 4 (4.75-mm) 

L- 
c o .  18 8 W  GO 8 0.049- 

( 0 )  Ibl 
Metrk Equivalents 

in. 0.001 0.049 0.203 '/2 % 
mm 0.03 1.24 5.16 12.7 190 

FIG. 1 Detail of Stirring Paddles 

No. 10 (2.00-mm) 
No. 20 (8Mym) 
No. 40 (425ym) 
No. 60 (25O-pm) 
No. 140 (106-pm) 
No. 200 (7Sym) 

NOTE 6-A set of sieves giving uniform spacing of points for the 
qaph, as required in W o n  17, may be used if desired. This set consists 
3f the following sieves 

Sin. (75-mm) No. I6 (1.18-mm) 
I H-in. (37.5-mm) No. 30 (6OO-pm) 
Yein. (19.0-mm) No. 50 (3OO-pm) 
Kin. (9.5-mm) No. 100 (lSO-pm) 
No. 4 (4.75-mm) No. 200 (75ym) 
No. 8 (2.36-mm) 

3.7 Water Bath or Constant- Temperature Room-A 
water bath or constant-temperature room for maintaining 
the soil suspension at a constant temperature during the 
hydrometer analysis. A satisfactory water tank is an insulated 
tank that maintains the temperature of the suspension at a 
convenient constant temperature at or near 68'F (20°C). 
Such a device is illustrated in Fig. 4. In cases where the work 
is performed in a room at an automatically controlled 
constant temperature, the water bath is not necessary. 

hand. 

3.8 Beaker-A beaker of 250-mL capacity. 
3.9 Timing Device-A watch or clock with a second 

4. Dispersing Agent 
4.1 A solution of sodium hexametaphosphate (sometimes 

called sodium metaphosphate) shall be used in distdkd Or 
demineralized water, at the rate of 40 g of sodium 
hexametaphosphatefitre of solution (Note 7). 

NOTE 7-klutions of this salt, if acidic, slowly revm or hydrolyze 
back to the orthophosphate form with a resultant decrease in dispersive 
action. Solutions should be prepared frequently (at least once a month) 
Or adjusted to pH of 8 or 9 by means of sodium carbonate. Bottles 
containing solutions should have the date of preparation marked on 
them. 

4-2 All water used shall be either distilled or 
demineralized water. The water for a hydrometer test shall 

Metric Equivalents 

in. 1.3 1 2.6 3.75 
mm 33 66 95.2 

FIG. 2 Dispersion Cups of Apparatus 

be brought to the temperature that is expected to prevail 
during the hydrometer test. For example, if the sedimenta- 
tion cylinder is to be placed in the water bath, the distilled or 
demineralized water to be used shall be brought to the 
temperature of the controlled water bath; or, if the sedimen- 
tation cylinder is used in a room With controlled tempera- 
ture, the water for the test shall be at the temperature of the 
room. The basic temperature for the hydrometer test is 68°F 
(20°C). Small variations of temperature do not introduce 
differences that are of practical significance and do not 
prevent the use of corrections derived as prescribed. 
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CROSS SECTION 
CUP A 

W A  CROSS SECTION 
CUP B 

FIG. 3 AirJet Dispersion Cups of Apparatus B 

5. Test Sample 
5.1 Prepare the test sample for mechanical analysis as 

outlined in Practice D 42 1. During the preparation proce- 
dure the sample is divided into two portions. One portion 
contains only particles retained on the No. 10 (2.00-mm) 
sieve while the other portion contains only particles passing 
the No. 10 sieve. The mass of airdried soil selected for 
purpose of tests, as prescribed in Practice D 421, shall be 
sufficient to yield quantities for mechanical analysis as 
follows: 

5.1.1 The size of the portion retained on the No. 10 sieve 
shall depend on the maximum size of particle, according to 
the following schedule: 

Nominal Diameter of 
LllgcSx particleg Approximate Minimum 

in. (mm) 
3 h  (9.5) m 
'14 ( 19.0) 1000 

1 (25.4) 2000 
1Vz (38.1) 3000 
2 (50.8) m 
3 (76.2) 5ooo 

5.1.2 The size of the portion passing the No. 10 sieve shall 
be approximately 1 15 g for sandy soils and approximately 65 
g for silt and clay soils. 

5.2 Provision is made in Section 5 of Practice D 42 1 for 
weighing of the air-dry soil selected for purpose of tests, the 
separation of the soil on the No. 10 sieve by dry-sieving and 
washing, and the weighing of the washed and dried fmction 
retained on the No. 10 sieve. From these two masses the 
percentages retained and passing the No. 10 sieve can be 
calculated in accordance with 12.1. 

NOTE 8-A check on the mas  values and the thoroughness of 
pulverization of the clods may be secured by weighing the portion 
passing the No. 10 sieve and adding this value to the mass of the washed 
and oven-dried portion retained on the No. 10 sieve. 

Mass of Portion, g 

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10 
(2.00.mm) SIEVE 

6. Procedure 
6.1 Separate the portion retained on the No. 10 (2.00- 

mm) sieve into a series of fractions using the 3-in. (75-mm), 

Metric Equivalents 

in. '/a 1 3 6% 
mm 222 25.4 76.2 158.2 

FIG. 4 Insulated Water Bath 

2-in. (50-mm), IJh-in. (37.5-mm), I-in. (25. 
(19.0-mm), 3/ein. (9.5-mm), No. 4 44.75-mm' 
sieves, or as many as may be needed depe 
sample, or upon the specifications for the n 
test. 

6.2 Conduct the sieving operation by meal 
and vertical motion of the sieve, accompanie 
action in order to keep the sample moving con 
the surface of the sieve. In no case turn ( 

b e n t s  in the sample through the sieve by h 
sieving until not more than 1 mass 96 of the 
sieve passes that sieve during 1 min of s 
mechanical sieving is used, test the thorough 
by using the hand method of sieving as descri 

6.3 Determine the mass of each fraction 
conforming to the requirements of 3.1. A 
weighing, the sum of the masses retained on 
used should equal closely the original mass a 
sieved. 
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HYDROMETER AND SIEVE ANALYSIS OF PORTION 
PASSING THE NO. 10 (2.00-mm) SIEVE 

7. Determination of Composite Correction for Hydrometer 
Reading 
7.1 Equations for percentages of soil remaining in suspen- 

sion, as given in 14.3, are based on the use of distilled or 
demineralized water. A dispersing agent is used in the water, 
however, and the specific gravity of the resulting liquid is 
appreciably greater than that of distilled or demineralized 
water. 
7.1.1 Both soil hydrometers are calibrated at 68'F (20"C), 

and variations in temperature from this standard tempera- 
ture produce inaccuracies in the actual hydrometer readings. 
The amount of the inaccuracy increases as the variation 
from the standard temperature increases. 
7.1.2 Hydrometers are graduated by the manufacturer to 

be read at the bottom of the meniscus formed by the liquid 
on the stem. Since it is not possible to secure readings of soil 
suspensions at the bottom of the meniscus, readings must be 
taken at the top and a correction applied. 
7.1.3 The net amount of the corrections for the three 

items enumerated is designated as the composite correction, 
and may be determined experimentally. 
7.2 For convenience, a graph or table of composite 

corrections for a series of 1" temperature differences for the 
range of expected test temperatures may be prepared and 
used as needed. Measurement of the composite corrections 
may be made at two temperatures spanning the range of 
expected test temperatures, and corrections for the interme- 
diate temperatures calculated assuming a straight-line rela- 
tionship between the two observed values. 
7.3 Prepare loo0 mL of liquid composed of distilled or 

demineralized water and dispersing agent in the same 
proportion as will prevail in the sedimentation (hydrometer) 
test. Place the liquid in a sedimentation cyclinder and the 
cylinder in the constant-temperature water bath, set for one 
of the two temperatures to be used. When the temperature of 
the liquid becomes constant, insert the hydrometer, and, 
after a short interval to permi,' the hydrometer to come to the 
temperature of the liquid, read the hydrometer at the top of 
the meniscus formed on the stem. For hydrometer 15 1 H the 
composite correction is the difference between this reading 
and one; for hydrometer 152H it is the difference between 
the reading and zero. Bring the liquid and the hydrometer to 
the other temperature to be used, and secure the composite 
correction as before. 

@ D422 669 6 

8. Hygroscopic Moisture 
8.1 When the sample is weighed for the hydrometer test, 

weigh out an auxiliary portion of from 10 to 15 g in a small 
metal or glass container, dry the sample to a constant m a s  in 
an oven at 230 f 9°F (1 10 f 5"C), and weigh again. Record 
the masses. 
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9. Dispersion of Soil Sample 
9.1 When the soil is mostly of the clay and silt sizes, weigh 

out a sample of airdry soil of approximately 50 g. When the 
soil is mostly sand the sample should be approximately 100 
g- 

9.2 Place the sample in the 250-mL beaker and cover with 
125 mL of d u m  hexametaphosphate solution (40 g/L). 
Stir until the soil is thoroughly wetted. Allow to soak for at 
least 16 h. 
9.3 At the end of the soaking period, disperse the sample 

further, Using either stirring apparatus A or B. If' Stirring 
apparatus A is used, transfer the soil - water slurry fiom the 
beaker into the special dispersion cup shown in Fig. 2, 
washing any residue from the beaker into the cup with 
distilled or demineralized water (Note 9). Add distilled or 
demineralized water, if necessary, so that the cup is more 
than half full. Stir for a period of 1 min. 
NOTE 9-A large size syringe is a convenient device for handling the 

water in the washing operation. Other devices include the wash-water 
bottle and a hose with n o d e  connected to a pressurized distilled water 
tank. 

9.4 If stining apparatus B (Fig. 3) is used, remove the 
cover cap and connect thecup to a compressed air supply by 
means of a rubber hose. A air gage must be on the line 
between the cup and the control valve. Open the control 
valve so that the gage indicates 1 psi (7 kPa) pressure (Note 
10). Transfer the soil - water slurry from the beaker to the 
air-jet dispersion cup by washing with distilled or 
demineralized water. Add distilled or demineralized water, if 
necessary, so that the total volume in the cup is 250 mL, but 
no more. 
NOTE 10-The initial air pressure of 1 psi is required to prevent the 

soil - water mixture from entering the air-jet chamber when the mixture 
is transferred to the dspersion cup. 

9.5 Place the cover cap on the cup and open the air 
control valve until the gage pressure is 20 psi (140 kPa). 
Disperse the soil according to the following schedule: 

, 

Plasticity Index 
Under 5 
6 to 20 
Over 20 

Soils containing large percentages of mica need be dispersed 
for only 1 min. After the dispersion period, reduce the gage 
pressure to 1 psi preparatory to transfer of soil - water slurry 
to the sedimentation cylinder. 

10. Hydrometer Test 
10.1 Immediately after dispersion, transfer the soil - water 

slurry to the glass sedimentation cylinder, and add distilled 
or demineralized water until the total volume is loo0 mL. 
10.2 Using the palm of the hand over the open end of the 

cylinder (or a rubber stopper in the open end), turn the 
cylinder upside down and back for a period of 1 min to 
complete the agitation of the slurry (Note 11). At the end of 
1 min set the cylinder in a convenient location and take 
hydrometer readings at the following intervals of time 
(measured from the beginning of sedimentation), or as many 
as may be needed, depending on the sample or the specifica- 
tion for the material under test: 2, 5, 15, 30, 60, 250, and 
1440 min. If the controlled water bath is used, the sedimen- 
tation cylinder should be placed in the bath between the 2- 
and 5-min readings. 
NOTE I 1-The number of tums during this minute should be 

approximately 60, counting the turn upside down and back as Iwo turns 
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MY soil remaining in the bottom of the cylinder during the fim few 
should be loosened by Vigorous shaking of the cylinder while it is 

in &e inverted position. 

10.3 When it is desired to take a hydrometer reading, 
-fully insert the hydrometer about 20 to 25 s before the 
reading is due to approximately the depth it will have when 
the reading is taken. As soon as the reading is taken, carefully 
remove the hydrometer and place it with a spinning motion 
in a graduate of clean distilled or demineralized water. 

NOTE 12-It is important to remove the hydrometer immediately 
&r each reading. Readings shall be taken at the top of the meniscus 
formed by the suspension around the stem, since it is not possible to 

10.4 After each reading, take the temperature of the sus- 
readings at the bottom of the meniscus. 

pension by inserting the thermometer into the suspension. 

11. Sieve Analysis 
11.1 After taking the final hydrometer reading, transfer 

the suspension to a No. 200 (75-pm) sieve and wash with tap 
water until *e wash water is clear. Transfer the material on 
the No. 200 sieve to a suitable container, dry in an oven at 
230 f 9°F (1 10 .t YC) and make a sieve analysis of the 
portion retained, using as many sieves as desired, or required 
for the material, or upon the specification of the material 
under test. 

CALCULATIONS AND REPORT 

12. Sieve Analysis Values for the Portion Coarser than the 

12.1 Calculate the percentage passing the No. 10 sieve by 
dividing the mas passing the No. 10 sieve by the mass of soil 
originally split on the No. 10 sieve, and multiplying the result 
by 100. To obtain the mass passing the No. 10 sieve, subtract 
the mass retained on the No. 10 sieve from the original mass. 
12.2 To secure the total mass of soil passing the No. 4 

(4.75-mm) sieve, add to the mass of the material passing the 
No. 10 sieve the mass of the fraction passing the No. 4 sieve 
and retained on the No. 10 sieve. To secure the total mass of 
soil passing the 3h-h. (9.5-mm) sieve, add to the total mass of 
soil passing the No. 4 sieve, the mass of the fmction passing 
the 3h-h. sieve and retained on the No. 4 sieve. For the 
remaining sieves, continue the calculations in the same 
manner. 
12.3 To determine the total percentage passing for each 

sieve, divide the total mass passing (see 12.2) by the total 
mass of sample and multiply the result by 100. 

13. Hygroscopic Moisture Correction Factor 
13.1 The hydroscopic moisture Correction factor is the 

ratio between the mass of the ovendried sample and the 
air-dry m a s  before drying It is a number less than one, 
except when there is no hygroscopic moisture. 

14. Percentages of Soil in Suspension 
14.1 Calculate the oven-dry mass of soil used in the 

hydrometer analysis by multiplying the airdry mass by the 
hygroscopic moisture correction factor. 
14.2 Calculate the mass of a total sample represented by 

the mas of soil used in the hydrometer test, by dividing the 
ovendry mass used by the percentage passing the No. 10 

No. 10 (2.00-mm) Sieve 

TABLE 1 Values of ConectiOn Factor, a, for Differer 
Gravities of Sol Particled 

-0raVity carectian Factc 

2.95 0.94 
2.90 0.95 
2.85 0.96 
2.80 0.97 
2.75 0.98 
2.70 0.99 
2.65 1 .m 
2.60 1.01 
2.55 1.02 
2.50 1.03 
2.45 1.05 

For use inequation for perczntageof soil remairdngin suspenSia 
Hydrometer 152H. 

(2.Xj-rnmj sieve, and multiplying the result by 
value is the weight W in the equation for L 
remaining in suspension. 
14.3 The percentage of soil remaining in suspens 

level at which the hydrometer is measuring the den: 
suspension may be calculated as follows (Note 
hydrometer 15 1 H: 

P [(lo0 ooO/W) X G/(G - Gl)] (R - GI) 
NOTE 13-The bmcketed portion of the equation for 1 

15 I H is constant for a series of readings and may be calculatl 
then multiplied by the portion in the parentheses. 

For hydrometer 152H: 

where: 
a = correction faction to be applied to the re 

hydrometer 152H. (Values shown on the 
computed using a specific gravity of 2.65. C 
factors are given in Table l), 

P = percentage of soil remaining in suspension at 
at which the hydrometer measures the densi 
suspension, 

R = hydrometer reading with composite c o r n  
plied (Section 7), 

W = oven-dry mass of soil in a total test samp 
sented by mass of soil dispersed (see 14.2), g, 

G = specific gravity of the soil particles, and 
G, = specific gravity of the liquid in which soil par 

suspended. Use numerical valu’e of one 
instances in the equation. In the first insta 
possible variation produces no significant efl 
in the second instance, the composite correcti 
is based on a value of one for G,. 

P = (Ru/W) x 100 

15. Diameter of Soil Particles 
15.1 The diameter of a particle corresponding 

percentage indicated by a given hydrometer reading 
calculated according to Stokes’ law (Note 14), on t 
that a particle of this diameter was at the surfact 
suspension at the beginning of sedimentation and hac 
to the level at which the hydrometer is measuring the 
of the suspension. According to Stokes’ law: 

where: 
D = diameter of particle, mm, 

D = 2/(30n/980(G - GI)] x LfT 
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n = coefficient of viscosity of the suspending medium (in 
this case water) in poises (varies with changes in 
temperature of the suspending medium), 

L = distance from the surface of the suspension to the 
level at which the density of the suspension is being 
measured, cm. (For a given hydrometer and sedimen- 
tation cylinder, values vary according to the hydrom- 
eter readings. This distance is known as effective 
depth (Table 2)), 

T = interval of time from beginning of sedimentation to 
the taking of the reading, min, 

G = specific gravity of soil particles, and 
G, = specific gravity (relative density) of suspending me- 

dium (value may be used as 1.OOO for all practical 
Purposes). 

NOTE !+Since Stokes' law considers the terrninal velocity of a 
single sphere falling in an infinity of liquid, the Siza calculated represent 
the diameter of spheres that would fall at the same rate as the soil 

15.2 For convenience in calculations the above equation 
particles. 

may be written as follows: 

where: 
K = constant depending on the temperature of the suspen- 

sion and the specific gravity of the soil particles. Values 
of K for a range of temperatures and specific gravities 
are given in Table 3. The value of K does not change for 
a series of readings constituting a test, while values of L 
and T do vary. 

15.3 Values of D may be computed with suflicient accu- 
racy, using an ordinary 10-in. slide rule. 
NOTE 15-The value of L is divided by T using the A -  and B-scales, 

the square root being indicated on the D-scale. Without ascertaining the 
value of the square root it may be multiplied by K, using either the C- or 
Cf - d e .  

D =  KC^ 

16. Sieve Analysis Values for Portion Finer than No. 10 

16.1 Calculation of percentages passing the various sieves 
used in sieving the portion of the sample from the hydrom- 
eter test involves several steps. The first step is to calculate 
the mass of the fi-action that would have been retained on the 
No. 10 sieve had it not been removed. This mass is equal to 
the total percentage retained on the No. 10 sieve (100 minus 
total percentage passing) times the mass of the total sample 
represented by the mass of soil used (as calculated in 14.2), 
and the result divided by 100. 

16.2 Calculate next the total mass passing the No. 200 
sieve. Add together the fractional masses retained on all the 
sieves, including the No. 10 sieve, and subtract this sum from 
the mass of the total sample (as calculated in 14.2). 

16.3 Calculate next the total masses passing each of the 
other sieves, in a manner similar to that given in 12.2. 

16.4 Calculate last the total percentages passing by di- 
viding the total mass passing (as calculated in 16.3) by the 
total mass of sample (as calculated in 14.2), and multiply the 
result by 100. 

(2.00-mm) Sieve 

I 17. Graph 
17.1 When the hydrometer analysis is performed, a gmph 

TABLE 2 Values of Effective Depth Based on Hydrometer and 
Sedimentation Cylinder of Specified Sizes" 

Hydrometer 151 H Hydmmeter 152H 

Actual Effective Actual Effective Actual Effective 

Readinti L.an R e a d i  L . a n  Readtns L.an 
Hydraneter Depth. Hydromerer oepm. I iydmmtW Depth. 

1 .Ooo 
1.001 
1 .OM 
1 .GQ3 
1.004 
1.005 

1.006 
1.007 
1.008 
1.009 
1.010 

1.01 1 
1.01 2 
1.013 
1.014 
1.015 

1.016 
1.017 
1.018 
1.019 
1.020 

1.021 
1.022 
1.023 
1.024 
1.025 

1.026 
1.027 
1.028 
1 .OB 
1.030 

1.031 
1.032 
1.033 
1.034 
1 .035 
1.036 
1.037 
1.038 

16.3 
16.0 
15.8 
15.5 
15.2 
15.0' 

14.7 
14.4 
14.2 
13.9 
13.7 

13.4 
13.1 
12.9 
12.6 
12.3 

12.1 
11.8 
11.5 
11.3 
11.0 

10.7 
10.5 
102 
10.0 
9.7 

9.4 
9.2 
8.9 
8.6 
8.4 

8.1 
7.8 
7.6 
7.3 
7.0 
6.8 
6.5 
6.2 

0 
1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

1 16.3 
16.1 
16.0 
15.8 
15.6 
15.5 

15.3 
15.2 
15.0 
14.8 
14.7 

14.5 
14.3 
14.2 
14.0 
13.8 

13.7 
13.5 
13.3 
13.2 
13.0 

12.9 
12.7 
12.5 
12.4 
12.2 

12.0 
11.9 
11.7 
11.5 
11.4 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 

48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

47 

11.2 
11.1 
10.9 
10.7 
10.6 

10.4 
102 
10.1 
9.9 
9.7 

9.6 
9.4 
9 2  
9.1 
8.9 

8.8 
8.6 
8.4 
8.3 
8.1 

7.9 
7.8 
7.6 
7.4 

-7.3 

7.1 
7.0 
6.8 
6.6 
6.5 

~ 

A Vafues of effective depth are calar(ated from the equation: 

L = Lq + 'h [LZ - (V$A)] 

where: 
L =effdvedepth,cm, 
L, = distance along the stem of the hydrometer from the top of the bulb to the 

& = overall length of the hydrometer bulb. cm, 
VB = volume of hydrometer bulb, cm', and 
A = cross-sectional area of sedimentation cylinder, cm2 
Values used in csfadatingthavalues in Table2 are as follows: 
For both hydrometers. 151H and 152H 
& = 14.0cm 
VB = 67.0 cm3 
A = 27.8 cm2 
For hydrometer 151 H: 
L, = 10.5 cm for a mding of 1.ooO 

= 2.3 cm for a reading of 1.031 
F a  hydrometer 152H: 
L, = 10.5 cm for a d n g  of 0 g/litrc 

= 2.3 cm for a reading of 50 g/litrc 

mark for a hydrometer reading, cm, 

of the test results shall be made, plotting the diameters of the 
particles on a logarithmic scale as the abscissa and the 
percentages smaller than the corresponding diameters to an 
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- 
Ab" 

an 
* .2 
: .1 
1.9 
1.7 
1.6 

Jm. - 

0.4 
0.2 
0.1 
1.9 
3.7 

9.6 
9.4 
9 2  
9.1 
8.9 

8.8 
8.6 
8.4 
8.3 
8.1 

7.9 
7.8 
7.6 
7.4 
7.3 

7 1  

6.6 
6.5 

bulb to thc 

:tL f th 
a and tk 
eters to a 
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TABLE 3 Values of K tor Use in Equation for Computing Diameter of Partide in Hydrometer Analysis 

2.45 2.50 2.55 2.60 2.65 2.70 2.75 2.80 
Tempereture. 

"C 

' 16 0.01 51 0 0.01505 0:01481 0.01457 0.01435 . 0.01414 0.01394 0.01374 
17 0.0151 1 0.01486 0.01 462 0.01439 0.01417 0.01396 0.01376 0.01356 

19 0.01474 0.01449 0.01425 0.01403 0.01382 0.01361 0.01342 0.1323 
20 0.01456 0.01431 0.01408 0.01386 0.01365 0.01344 0.01325 0.01 307 

' 21 0.01438 0.01414 0.01391 0.01369 0.01348 0.01328 0.01309 0.01291 
22 0.01421 0.01397 0.01374 0.01353 0.01332 0.01312 0.01294 0.01 276 
23 . 0.01404 0.01361 0.01358 0.01337 0.01317 0.01297 0.01279 0.01261 
24 0.01 388 0.01365 0.01342 0.01321 0.01301 0.01 282 0.01264 0.01246 
25 0.01372 0.01 349 0.01 327 0.01 306 0.01286 0.01267 0.01249 0.01232 

26 0.01357 0.01334 0.01 31 2 0.01291 0.01272 0.01253 0.01235 0.01218 
27 0.01342 0.01319 0.01297 0.01 277 0.01258 0.01239 0.01 221 0.01204 
28 0.01327 0.01304 0.01 283 0.01264 0.01244 0.01255 0.01 208 0.01 191 
29 0.01312 0.01290 0.01 269 0.01249 0.01230 0.01212 0.01 195 0.01 178 
30 ' 0.01298 0.01276 0.01 256 0.01236 0.01217 0.01 199 0.01182 0.01 165 

specific Gravity of soil Partidw 

18 _ .  0.01492 0.01467 0.01443 0.01421 0.01399 0.01378 0.01359 0.01339 

arithmetic scale as the ordinate. When the hydrometer 
analysis is not made on a portion of the soil, the preparation 
of the graph is optional, since values may be secured directly 
from tabulated data 

18. Report 
18.1 The report shall include the following: 
18.1.1 Maximum size of particles, 
18.1.2 Percentage passing (or retained on) each sieve, 

which may be tabulated or presented by plotting on a graph 
(Note la), 

18.1.3 Description of sand and gravel particles: 
18.1.3.1 Shape-rounded or angular, 
18.1.3.2 Hardness-hard and durable, soft, or weathered 

18.1.4 Specific gravity, if unusually high or low, 
18.1.5 Any difficulty in dispersing the fraction passing the 

No. 10 (2.00-mm) sieve, indicating any change in type and 
amount of dispersing agent, and 

18.1.6 The dispersion device used and the length of the 
dispersion period. 
NOTE I6-This tabulation of graph represents the @dation of the 

sample tested. If particles larger than those contained in the sample were 
removed before testing, the report shall 50 State giving the amount and 
maximum size. 

18.2 For materials tested for compliance with definite 
specifications, the fractions called for in such specifications 
shall be reported. The fractions smaller than the No. 10 sieve 
shall be read fiom the graph. 

18.3 For materials for which compliance with definite 
specifications is not indicated and when the soil is composed 
almost entirely of particles passing the No. 4 (4.75-mm) 
sieve, the results read fiom the graph may be reported as 
follows: 

and friable, 

( I  ) Gravel. passing Sin. and retained on No. 4 sieve 
(2 )  Sand, passing No. 4 sieve and retained on No. 200 sieve 

( 0 )  Coarsc sand, passing No. 4 sieve and retained on 

(6) Medium sand, pasdng No. 10 sieve and retained on 

(c) Fine sand, passing No. 40 sieve and retained on No. 

(3) Silt size, 0.074 to 0.005 mm 
( 4 )  Clay size, smaller than 0.005 mm 

No. 10 sieve 

No. 40 sieve 

200 sieve 

Colloids, smaller than 0.001 mm 

18.4 For materials for which compliance 
specifications is not indicated and when the 
material retained on the No. 4 sieve sufficien 
sieve analysis on that portion, the results may 
follows (Note 17): 

SIEVE ANALYSIS 

Sieve Size 
f i n .  
2-in. 
I %-in. 
I-in. 
%-in. 
%in. 
No. 4 (4.75-mm) 
No. 10 (2.Wrnm) I 

No. 40 (425ym) 
No. 200 (75ym) 

0.074 mm 
0.005 mm 
0.001 rnm 
NOTE 17-No. 8 (2.36-mm) and No. 50 (3OO-pm 

substituted for No. 10 and No. 40 sieves. 

19. Keywords 

ture; particle-size; sieve analysis 

HYDROMETER ANALYSIS 

19.1 grain-size; hydrometer analysis; hygri 

The American Sociery for Tasting and MatefU ?akes no position respeding ?he validity of any patent rights BsseRBd in connediol 
with any item mentioned in this srandard. Users of this standard are expressly advised that determina?ion of the validity of any 
parent righls. and the risk of infringsment of such rights, are entirely their own responsibility. 

This standard is subjec? to revision a? any time by ttm responsible technical commfiee and nsl be reviewed every fm years anc 
if not revised, @&her respproved 01 withdrawn. Your comments are invited either for W o n  of this standard or for addit- standard 
and shouid be addressed to S T M  Headquaners. Your comments will receive careful consideration at a meeting d the responsibe 
technical canminee. which yw may attend. If you feel that your comments have not received a lair hearing y w  should make you1 
views known to the ASTM Cornminee on Standards, 1916 Race St.. Philadelpha PA 19103. 

. .  . .  

99 
-.  . . , , .  



6696 
Designation: 0 698 - 91 ab 

Test Method for 
Laboratory Compaction Characteristics of Soil Using Standard 
Effort (12,400 ft-lbf/@ (600 kN-m/rn3))‘ 

This standard is issued under the fmd designation D 698; the n u m b  immediately following the designation indicates the year of 
original adoption or, ia the case of =vision, the year of last revision. A number in parcnthcsff indicates the year of lan reapproval. A 
supmcript epsilon (e) indicates an editorial change since the last revision or reapproval. 

1. scow 
1.1 This test method covers laboratory compaction proce- 

dures used to determine the relationship between water 
content and dry unit weight of soils (compaction curve) 
compacted in a 4 or 641.1. (101.6 or 152.4-mm) diameter 
mold with a 5.5-lbf (24.4-N) rammer dropped from a height 
of 12 in. (305 mm) producing a compactive effort of 12,400 
ft-lbf/ft3 (600 kN-m/m3). 
NOTE ]-The equipment and procedures are similar as those pro- 
& by R. R. Roctor (Engineering News Record-September 7, 1933) 
with this one major exception: his rammer blows were applied as “12 
inch firm strokes“ instead of free fal, producing variable compxtive 
effort depending on the operator, but probably in the range 15,000 to 
25,000 ft-lbf/A3 (700 to 1,200 kN-m/m’). The standard effort test (see 
3.2.2) is sometimes r e f d  to as the Proctor Test. 

N ~ T E  2--sOils and soil-aggregate mixtures should be regarded as 
natural occurring fine- or coarse-grained soils or composites or mixtures 
of natural soils or mixtures of natural and processed soils or aggregates 
such as silt, gravel, or crushed rock. 

1.2 This test method applies only to soils that have 30 9% 
or less by weight of particles retained on the %-inch 
(19.0-mm) sieve. 

NOTE &For relationships between unit weights and water contents 
of soils with 30 % or less by weight of material retained on the 3/4-in. 
(19.0-mm) sieve to unit weights and water contents of the fiaction 
passing 3/4-in. (19.0-mm) sieve, see Practice D 47 18. 

1.3 Three alternative procedures are provided. The proce- 
dure used shaU be as indicated in the specification for the 
material being tested. If no procedure is specified, the choice 
should be based on the material gradation. 

1.3.1 Procedure A: 
1.3.1.1 M o f d 4 i n .  (101.6-mm) diameter. 
1.3.1.2 Material-Passing No. 4 (4.75-mm) sieve. 

1.3.1.4 Blows per fayer-25. 
1.3.1.5 Use-May be used if 20 % or less by weight of the 

material is retained on the No. 4 (4.75-mm) sieve. 
1.3.1.6 Other Use-If this procedure is not specified, 

materials that meet these gradation requirements may be 
tested using Procedures B or C. 

1.3.2 Procedure B: 
1.3.2.1 M o l d 4 i n .  (101.6-mm) diameter. 
1.3.2.2 Material-Passing 3 h - h .  (9.5-mm) sieve. 
1.3.2.3 Layers--Three. 
1.3.2.4 Blows per layer-25. 

1.3.1.3 Layers--Three. 

* This test method is under the jurisdiction of ASTM Committee D18 on Soil 
and Rock and is the dirrct rrspondbility of Subcommittee D18.03 on Texture. 
~CityandDensitycharaCtmstl . ‘aofsoils. 

Cumnt edition approved Nov. 19,1991. Published January 1992. 
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1.3.2.5 Use-Shall be used if more than 20 % by weight 
of the material is retained on the No. 4 (4.75-mm) sieve and 
20 5% or less by weight of the material is retained on the 
%-in. (9.5-mm) sieve. 

1.3.2.6 Other Use-If this procedure is not specified, 
materials that meet these gradation requirements may be 
tested using Procedure C. 

1.3.3 Procedure C: 
1.3.3.1 Mold-6-in. (152.4-mm) diameter. 
1.3.3.2 Marerial-Passing %-inch (19.0-mm) sieve. 
1.3.3.3 Layers-Three. 
1.3.3.4 Blows per Iayer-56. 
1.3.3.5 Use-Shall be used if more than 20 % by weight 

of the material is retained on the Vs-in. (9.5-mm) sieve and 
less than 30 9% by weight of the material is retained on the 
3/4-in. (19.0-mm) sieve. 

1.3.4 The 6-in. (152.4-mm) diameter mold shall not be 
used with Procedure A or B. 

NOTE 4-Results have been found to vary slightly when a material is 
tested at the same compactive effort in different size molds. 

1.4 If the test specimen contains more than 5 % by weight 
oversize fraction (coarse fraction) and the material will not 
be included in the test, corrections must be made to the unit 
weight and water content of the specimen or to the appro- 
priate field in place density test specimen using Practice 
D 4718. 

1.5 This test method will generally produce a well defined 
maximum dry unit weight for non-free draining soils. If this 
test method is uSep for free draining soils the maximum unit 
weight may not be well defined, and can be less than 
obtained using Test Methods D 4253. 

1.6 The values in inch-pound units are to be regarded as 
the standard. The values stated in SI units are provided for 
information only. 

1.6.1 In the engineering profwion it is customary prac- 
tice to use, interchangeably, units representing both mass 
and force, unless dynamic calculations (F = Ma) are 
involved. This implicitly combines two separate systems of 
units, that is, the absolute system and the gravimetric system. 
It is scientifically undesirable to combine the use of two 
separate systems within a single standard. This test method 
has been written using inch-pound units (gravimetric system) 
where the pound (lbf) represents a unit of force. The use of 
mass (lbm) is for convenience of units and is not intended to 
convey the use is scientifically correct. Conversions are given 
in the SI system in accordance with Practice E 380. The use 
of balances or scales recording pounds of mass (lbm), or the 
recording of density in lbm/ft3 should not be regarded as 
nonconformance with this standard. 

. 
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1.7 This standard does not purport to address all of the 
safay problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appre 
priate safity and health practices and detennine’the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
C 127 Test Method for Specific Gravity and Absorption of 

Coarse Aggregatg 
C 136 Method for Sieve Analysis of Fine and Coarse 

Aggregate2 
D422 Test Method for Particle Size Analysis of Soils’ 2653 -l-..-:--1--. D le.:-,. *I c-:1 I GI I l l l l l u l u ~ y  A \ c i ? A a u I l ~  L U  all, Rubn, oyu W U L U A I I C N  

Fluids’ 
D 854 Test Method for Specific Gravity of Soil’ 
D 1557 Test Methods for Moisture-Density Relations of 
Soils and Soil Aggregate Mixtures Using 10-lb (4.54-kg.) 
Rammer and 18-in. (457 mm) Drop’ 

D2168 Test Methods for Calibration of Laboratory Me- 
chanical-Rammer Soil Compactors’ 

D2216 Test Method for Laboratory Determination of 
Water (Moisture) Content of Soil, Rock and Soil- 
Aggregate Mixtures3 

D2487 Test Method for Classification of Soils for Engi- 
neering Purposes’ 

D2488 Practice for Description of Soils (Visual-Manual 
Procedure)’ 

D4220 Practices for Preserving and Transporting Soil 
~ampies3 

D4253 Test Methods for Maximum Index Density of 
Soils Using a Vibratory Table3 

D 47 18 Practice for Correction of Unit Weight and Water 
Content for Soils Containing Oversize Particles3 

D4753 Specification for Evaluating, Selecting and Speci- 
fjing Balances and Scales For Use in Soil and Rock 
Testing3 

E 1 Specification for ASTM Thermometers4 
E 11 Specification for Wire-Cloth Sieves for Testing 

E 3 19 Practice for the Evaluation of Single-Pan Mechan- 

E 380 Practice for Use of the International System of 

I 

-,.l, ..-.a t---*-:-,..4 

PurposesS 

ical BalancesS 

Units (SI) (the Modernized Metric System)’ 

3. Terminology 

nitions. 
3.1 Definitions-See Terminology D 653 for general defi- 

3.2 Description of Terms Specific to This Standard: 
3.2.1 oversize fraction (coarse fraction), P, in %-the 

Portion of total sample not used in performing the compac- 
tion test; it may be the portion of total sample retained on 
the No. 4 (4.75-mm), %-in. (9.5-mm), or 3/4-in. (19.0-mm) 
sieve. 

3.2.2 standard effort-the term for the 12,400 A-lbf/ft3 

,z Annual Book of ASTM Standards, Vol04.02. ’ ANlual Book ofASTM Standards, V01’04.08. 
‘Annual Book ofASTM Sfandards. Vol 14.03. 
1 AM& Book of ASTM Standards, Vol 14.02. 

i 
I 

(600 kN-m/m3) compactive effort applied by the qui~ 
and procedures of this test. 

3.2.3 standard maximum dry unit weight, ydmpx in 1 
(kN/m%the maximum value defined by the compi 
curve for a compaction test using standard effort. 

3.2.4 standard optimum water content, wo in 96 
water content at which a soil can be compacted t 
maximum dry unit weight using standard compactive I 

3.2.5 testfraction Cfinerfiacrion), PF in %-the port 
the total sample used in performing the compaction tes 
the fraction passing the No. 4 (4.75-mm) sieve in Roc 
A, minus %3-in. (9.5-mm) sieve in Procedure B, or 1 
3/4-in. (19.0-mm) sieve in Procedure C. 

layers into a mold of given dimensions, with each 
compacted by 25 or 56 blows of a 5.5-lbf (24.4-N) ra 
dropped from a distance of 12-in. (305-mm), subjectii 
soil to a total compactive effort of about 12,400 A- 
(600 kN-m/m3). The resulting dry unit weight is detern 
The procedure is repeated for a sufficient number of 
contents to establish a relationship between the dr] 
weight and the water content for the soil. This data, 
plotted, represents a curvilinear relationship known I 

compaction curve. The values of optimum water u 
and standard maximum dry unit weight are deten 

I 

m the compaction curve. / 

5. Significance and Use 
5.  I Soil placed as engineering fill (embankments, fa 

tion pads, road bases) is compacted to a dense state to 
satisfactory engineering properties such as, shear str 
compressibility, or permeability. Also, foundation so 
oAen compacted to improve their engineering prop 
Laboratory compaction tests provide the basis for 
mining the percent compaction and water content nee 
achieve the required engineering properties, and for c( 
ling construction to assure that the required compactic 
water contents are achieved. 

5.2 During design of an engineered fill, shear, con! 
tion, permeability, or other tests require preparation 
specimens by compacting at some water content to 
unit weight. It is common practice to first determil 
optimum water content (w,) and maximum dry unit 
(ydmax) by means of a compaction test. Test @me 
compacted at a selected water content (w), either wet 
of optimum (w,,) or at optimum ( w,), and at a select 
unit weight related to a percentage of maximum dx 
weight (ydmax). The selection of water content (w) ,  eitt 
or dry of optimum (w,) or at optimum (w?) and the d 
weight (ydmax) may be based on past expenence, or a TS 
values may be investigated to determine the na 
percent of compaction. 

6. Apparatus 
6.1 Mold Assembly-The molds shall be cylindr 

shape, made of rigid metal and be within the cap6 
dimensions indicated in 6.1.1 or 6.1.2 and Figs. 1 and 
walls of the mold may be solid, split, or tapered. The 
type may consist of two half-round sections, or a sec 

I 
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FIG. 1 4.0-in. Cylindrical Mold 

W 8 d .  

flG. 2 6.0-in. Cylindrical Mold 

pipe split along one element, which can be securely locked 
together to form a cylinder meeting the requirements of this 
section. The "tapered" type shall an internal diameter taper 
that is uniform and not more than 0.200 in./A (16.7- mm/m) 
of mold height. Each mold shall have a base plate and an 
extension collar assembly, both made of rigid metal and 
constructed so they can be securely attached and easily 
detached from the mold. The extension collar assembly shall 
have a height extending above the top of the mold of at least 
2.0 in. (50.8-mm) which may include an upper section that 
flares out to form a funnel provided there is at least a 0.75 in. 
(19.0-mm) straight cylindrical section beneath it. The exten- 
sion collar shall align with the inside of the mold. The 
bottom of the base plate and bottom of the centrally recessed 
area that accepts the cylindrical mold shall be planar. 

6.1.1 Mold, 4 in.-A mold having a 4.000 f 0.016-in. 
(101.6 k 0.4-mm) average inside diameter, a height of 4.584 
f 0.018-in. (116.4 f 0.5-mm) and a volume of 0.0333 f 
0.0005 A3 (944 f 14 an3). A mold assembly having the 
minimum required features is shown in Fig. 1. 

6.1.2 Mold, 6 in.-A mold having a 6.000 f 0.026-in. 
(152.4 k 0.7-mm) average inside diameter, a height of 4.584 
f 0.018-in. (1 16.4 f 0.5-mm), and a volume of 0.075 f 
O.OOO9 As (2124 2 25 an3). A mold assembly having the 
minimum required features is shown in Fig. 2. 

6.2 Rammer-A rammer, either manually operated as 
described further in 6.2.1 or mechanically operated as 
described in 6.2.2. The rammer s h d  fall Freely through a 

distance of 12 f 0.05-in. (304.8 f 1.3-mm) from the surfao 
of the specimen. The mass of the rammer shall be 5.5 j 
0.02-lbm (2.5 f 0.01-kg), except that the mass of thc 
mechanical rammers may be adjusted as described in Tes 
Methods D 2168, see Note 5. The striking face of tht 
rammer shall be planar and circular, except as noted it 
6.2.2.3, with a diameter when new of 2.000 f 0.005-in 
(50.80 f 0.13-mm). The rammer shall be replaced if thl 
striking face becomes worn or bellied to the extent that thl 
diameter exceeds 2.000 f 0.01-in. (50.80 f 0.25-mm). 
NOTE 5-It is a common and acceptable practice in the inch-pounc 

system to assume that the mass of the rammer is equal to its mas 
determined using either a kilogram or pound balance and 1 Ibf is qua 
to 1 Ibm or 0.4536 kg. or 1 N is equal to 0.2248 Ibm or 0.1020 kg. 

6.2.1 Manual Rammer--The rammer shall be equippec 
with a guide sleeve that has suficient clearance that the fre~ 
fall of the rammer shaft and head is not restricted. The guidc 
sleeve shall have at least four vent holes at each end (eigh 
holes total) located with centers 314 f V16-in. (19.0 f 1.6-mm 
from each end and spaced 90 degrees apart. The minimun 
diameter of the vent holes shall be 3113-in. (9.5-mm). Addi 
tional holes or slots may be incorporated in the guide sleeve 

6.2.2 Mechanical Rammer-Circular Face-The ramme 
shall operate mechanically in such a manner as to providc 
uniform and complete coverage of the specimen surface 
There shall be 0.10 f 0.03-in. (2.5 2 0.8-mm) clearana 
between the rammer and the inside surface of the mold at it 
smallest diameter. The mechanical rammer shall meet thc 
calibration requirements of Test uethods D 2168. Thc 
mechanical rammer shall be equipped with a positive me 
chanical means to support the rammer when not in opera 
tion. 

6.2.2.3 Mechanical Rammer-Sector Face-When usec 
with the 6-in. (1 52.4-mm) mold, a sector face rammer ma! 
be used in place of the circular face rammer. The specimer 
contact face shall have the shape of a sector of a circle o 
radius equal to 2.90 .C 0.02-in. (73.7 f 0.5-mm). Thc 
rammer shall operate in such a manner,that the vertex of thc 
sector is positioned at the center of the specimen. 

6.3 Sample Extruder (optional)-A jack, Frame or othei 
device adapted for the purpose of extruding compacta 
specimens from the mold. 

6.4 Balance-A class GP5 balance meeting the require. 
ments of Specification D4753 for a balance of 1-g mid. 
ability. 

6.5 Drying Oven-Thermostatically controlled, preferablj 
of a forceddraft type and capable of maintaining a unifonr 
temperature of 230 2 9'F (1 10 -C 5°C) throughout the drying 
chamber. 

6.6 Straightedge-A stiff metal straightedge of any conve. 
nient length but not less than IO-in. (254-mm). The tow 
length of the straightedge shall be machined straight to e 
tolerance of f0.005-in. (+O. 1-mm). The scraping edge shall 
be beveled if it is thicker than %in. (3-mm). 

6.7 Sieves-3h-in. (19.0-mm), 31s-in. (9.5-mm), and No. 4 
(4.75-mm), conforming to the requirements of Specification 
E 11. 

6.8 Mixing Tools-Miscellaneous tools such as mixing 
pan, spoon, trowel, spatula, etc., or a suitable mechanical 
device for thoroughly miXing the sample of soil with incre- 
ments of water. 
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7. Calibration 
7.1 Perform calibrations before initial use, after repairs or 

other occurrences that m a t  affect the test results, at 
intervals not exceeding 1,OOO test specimens, or annually, 
whichever occurs first, for the following apparatus: 
, 7.1.2 Balance-Evaluate in accordance with Specification 

D 4753. 
7.1.3 Molds-Determine the volume as described in 

Annex 1. 
7.1.4 Manual Rammer-Verify the free fall distance, 

rammer mass, and rammer face in accordance With Section 
6.2. Verify the guide sleeve requirements in accordance with 
Section 6.2.1. 

7.1.5 Mechanical Rammer-CaIibrate and adjust the me- 
&anid rammt.P ia aa.6r&iis -w?& T6; ;”;&\& 2;6g. 
In addition, the clearance between the rammer and the 
inside surface of the mold shall be verified in accordance 
with 6.2.2. 

8. Test Sample 
8.1 The required sample mass for Procedures A and B is 

approximately 35-lbm (16-kg), and for Procedure C is 
approximately 65-lbm (29-kg) of dry soil. Therefore, the field 
sample should have a moist m a s  of at least 50-lbm (23-kg) 
and 100-lbm (45-kg), respectively. 

8.2 Determine the percentage of material retained on the 
No. 4 (4.75-mm), 3/s-in. (9.5-mm), or 3h-in. (19.0-mm) sieve 
as appropriate for choosing P r d u r e  A, B, or C. Make this 
determination by separating out a representative portion 
from the total sample and determining the percentages 
passing the sieves of interest by Test Methods D422 or 
Method C 136. It is only neceSSary to calculate percentages 
for the sieve or sieves for which informath is desired. 

9. Preparation of Apparatus 
9.1 Select the proper compaction mold in accordance 

with the procedure (A, B, or C) being used. Determine and 
record its mass to the nearest gram. Assemble the mold, base 
and extension collar. Check the alignment of the inner wall 
of the mold and mold extension collar. Adjust if necessary. 

9.2 Check that the rammer assembly is in good Working 
condition and that parts are not loose or worn. Make any 
neceSSary adjustments or repairs. If adjustments or repairs 
are made, the rammer must be recalibrated. 

10. Procedure 
10.1 Soils: 
10.1.1 Do not reuse soil that has been previously labora- 

tory compacted. 
10.1.2 When using this test method for soils containing 

hydrated halloysite, or where past experience with a partic- 
ular soil indicates that results wiU be altered by air drying, 
use the moist preparation method (see 10.2). 

10.1.3 Prepare the soil specimens for testing in accor- 
dance with 10.2 (preferred) or with 10.3. 

10.2 Moist Preparation Method (prt$erred)-Without pre- 
~ O ~ l y  drying the sample, pass it through a No. 4 (4.75- 
mm), 3h-in. (9.5-mm), or 3 h - i ~ ~  (19.0-mm) sieve, depending 
on the Procedure (A, B, or C) being used. Determine the 
water content of the processed soil. 

10-2-1 hp, at least four (preferably five) specimens 

having water contents such that they bracket the e s t h  
optimum water content. A specimen having a water con 
close to optimum should be prepared first by ?rial addit 
of water and mixing (see Note 6). Select water contenG 
the rest of the specimens to provide at least two specin 
wet and two specimens dry of optimum, and water cont 
varying by about 2%. At least two water contents 
neceSSary on the wet and dry side of optimum to amx 
define the dry unit weight compaction curve (see 10.5). S 
soils with very high optimum water content or a relati 
flat compaction curve may require larger water con 
increments to obtain a well defined maximum dry 
weight. Water content increments should not exceed 4 ! 

NOTE &With practice it is usually possible to visually judge a 
ncar oprirnurn wdin m n k n i  iypicaiiy. soii ai opiirnum wdicr w 
can be squeezed into a lump that sticks together when hand press 
released, but will break cleanly into two Sections when ‘bent”. At 
contents dry of optimum soils tend to crumble; wet of optimum 
tend to stick together io a sticky cohesive mass. Optimum water co 
is typically slightly less than the plastic limit. 

10.2.2 Use approximately 5-lbm (2.3-kg) of the sieva 
for each specimen to be compacted using Procedure A I 

or 13-lbm (5.9-kg) using Procedure C. To obtain the I 
imen water contents selected in 10.2.1, add or removc 
required amounts of water as follows: to add water, spi 
into the soil during mixing; to remove water, allow the sc 
dry in air at ambient temperature or in a drying appa 
such that the temperature of the sample does not ea 
1WF (6OT). Mix the soil frequently during dryin 
maintain an even water content distribution. T’horoi 
mix each specimen to ensure even distribution of I 

throughout and then place in a separate covered cont 
and allow to stand in accordance with Table 1 pric 
compaction. For the purpose of selecting a standing tim~ 
soil may be classified Using Test Method D 2487, Pri 
D2488 or data on other samples from the same ma 
source. For referee testing, classification shall be by 
Method D 2487. 

10.3 Dry Preparation Method-If the sample is too t 
to be friable, reduce the water content by air drymg unl 
material is friable. Drymg may be in air or by the i 
drying apparatus such that the temperature of the s5 
does not exceed 140°F (60°C). Thoroughly break u 
aggregations in such a manner as to avoid breaking 
vidual particles. Pass the material through the appro 
sieve: No. 4 (4.75-mm), 3h-in. (9.5-mm), or 3/4-in. I 
mm). When preparing the material by passing over the 
sieve for compaction in the 6-in. mold, break up aggreg; 
sumciently to at least pass the 3/s-in. sieve in ord 
facilitate the distribution of water throughout the soil i~ 
mixing. 

10.3.1 Prepare at least four (preferably five) speciml 
accordance with 10.2.1. 

10.3.2 Use approximately 5-lbm (2.3-kg) of the sievc 
for each specimen to be compacted Using Procedure A 

TABLE 1 Required Standi Times of Masturized Spec& 
aasMicaw Minimran standing Tam. 

No Requiement OW. GP. SW. SP 
GM. SM 3 
ADothersoils 16 
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TABLE 2 Metric Equivalent$ for Figs. 1 end 2 
c 

in. m 
0.016 0 4t I 

0.026 
0.032 
0.028 

2% ' 
2% 
4 
4% 
4.584 
4% 
6 
6% 
6% 
6% 
8% 209.60 

w an3 
1/30 (0.0333) 943 

I 'h 

O.OOO5 14 

_. . . 
0.66 
0.81 
0.71 

12.70 
63.50 
66.70 

101.60 
114.30 
116.43 
120.60 
152.40 
165.10 
168.30 
171.40 

'/rsSm (0.0750) 
0.001 1 

2.124 
21 

or 13-lbm (5.9-kg) using Procedure C. Add the required 
amounts of water to bring the water contents of the 
specimens to the values selected in 10.3.1. Follow the 
specimen preparation procedure specified in 10.2.2 for 
drylng the' yil or adding water into the soil and curing each 
test specimen. 

10.4 Compaction-A!ler curing, if required, each spec- 
imen shall be compacted as follows: 

10.4.1 Determine and record the mass of the mold or 
mold and base plate. 

10.4.2 Assemble and secure the mold and collar to the 
base plate. The mold shall rest on a uniform rigid founda- 
tion, such as provided by a cylinder or cube of concrete with 
a mass of not less than 200-lbm (91-kg). Secure the base plate 
to the rigid foundation. The method of attachment to the 
rigid foundation shall allow easy removal of the assembled 
mold, collar and base plate after compaction is completed. 

10.4.3 Compact the specimen in three layers. After com- 
paction, each layer should be approximately equal in thick- 
ness. Prior to compaction, place the loose soil into the mold 
and spread into a layer of uniform thickness. Lightly tamp 
the soil prior to compaction until it is not in a fluffy or loose 
state, using either the manual compaction rammer or a 2-in. 
(5-mm) diameter cylinder. Following compaction of each of 
the first two layers, any soil adjacent to the mold walls that 
has not been compacted or extends above the compacted 
surface shall be trimmed. The trimmed soil may be included 
with the additional soil for the next layer. A knife or other 
suitable device may be used. The total amount of soil used 
shall be such that the third compacted layer slighIy extends 
into the collar, but does not exceed V4-in. (6-mm) above the 
top of the mold. If the third layer does extend above the top 
of the mold by more-than Ya-in. (6-mm), the specimen shall 
be discarded. The specimen shall be discarded when the last 
blow on the rammer for the third layer results in the bottom 
of the rammer extending below the top of the compaction 
mold. 

10.4.4 Compact each layer with 25 blows for the 4-in. 
(101.6-mm) mold or with 56 blows for the 6-in. (152.4-mm) 
mold. 
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NOTE 7-When compacting specimens wetter than optimum ~ a w  

content, uneven compacted SUrfaCeS can OCCUT and operator judgemen 
is required as to the average height of the specimen. 

10.4.5 In operating the manual rammer, take care tc 
avoid lifting the guide sleeve during the rammer upstroke 
Hold the guide sleeve steady and within 5" of vertical. Appl) 
the blows at a uniform rate of approximately 25 blows/min 
and in such a manner as to provide complete, uniform 
coverage of the specimen surface. 

10.4.6 Following compaction of the last layer, remove the 
collar and base plate from the mold, except as noted in 
10.4.7. A knife may be used to trim the soil adjacent to the  
collar to loosen the soil from the collar before removal to 
avoid disrupting the soil below the top of the mold. 

10.4.7 Carefully trim the compacted specimen even with 
the top of the mold by means of the straightedge scraped 
across the top of the mold to form a plane surface even with 
the top of the mold. Initial trimming of the specimen above 
the top of the mold with a knife may prevent the soil from 
tearing below the top of the mold. Fill any holes in the top 
surface with unused or trimmed soil from the specimen, 
press in with the fingers, and again scrape the straightedge 
across the top of the mold. Repeat the appropriate preceding 
operations on the bottom of the specimen when the mold. 
volume was determined without the base plate. For very wet. 
or dry soils, soil or water may be lost if the base plate is 
removed. For these situations, leave the base plate attached 
to the mold. When the base plate is left attached, the volume 
of the mold must be calibrated with the base plate attached 
to the mold rather than a plastic or glass plate as noted in 
Annex 1, A1.4. 

10.4.8 Determine and record the mass of the specimen. 
and mold to the nearest gram. When the base plate is left 
attached, determine and record the mass of the specimen, 
mold and base plate to the nearest gram. 

10.4.9 Remove the material from the mold. Obtain a 
specimen for water content by using either the whole 
specimen (preferred method) or a representative portion. 
When the entire specimen is used, break it up to facilitate 
drymg. Ohenvise, obtain a portion by slicing the compacted 
specimen axially through the center and removing about 
500-g of material from the cut faces. Obtain the water 
content in accordance with Test Method D 2216. 

10.5 Following compaction of the last specimen, compare 
the wet unit weights to ensure tliat a desired pattern of 
obtaining data on each side of the optimum water content 
will be attained for the dry unit weight compaction curve. 
Plotting the wet unit weight and water content of each 
compacted specimen can be an aid in making the above 
evaluation. If the desired pattern is not obtained, additional 
compacted specimens will be required. Generally, one water 
content value wet of the water content defining the max- 
imum wet unit weight is sufficient to ensure data on the wet 
side of optimum water content for the maximum dry unit 
weight. 

11. calculation 
11.1 Calculate the dry unit weight and water content of 

each compacted specimen as explained in 1 1.3 and 1 1.4. Plot 
the values and draw the compaction curve as a smooth curve 
through the points (see example, Fig. 3). Plot dry unit weight 
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COMPACTION TEST 
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FIG. 3 Example Compaction Cune Plotting 

to the nearest 0.1 lbf/fi3 (0.2 kN/m3) and water content to 
the nearest 0.1 %. From the compaction curve, determine 
the optimum water cuntent and maximum dry unit weight. 
If more than 5 % by weight of oversize material was removed 
from the sample, calculate the corrected optimum water 
content and maximum dry unit weight of the total material. 
using Practice D 47 18. This correction may be made to the 
appropriate field in place density test specimen rather than to 
the laboratory test specimen. 

11.2 Plot the 100 5% saturation curve. Values of water 
content for the condition of 100% saturation can be 
calculated as explained in 1 1.5 (see example, Fig. 3). 

NOTE 8-The 100% saturation curve is an aid in drawing the 
compaction curve. For soils containing more than approximately IO % 
fines at water contents weU above optimum, the two curves generally 
become roughly parallel with the wet side of the compaction curve 
between 92 % to 95 % saturation. Theoretically, the compadon curve 
cannot plot to the right of the 100 9% saturation curve. If it does, there is 
an error in specific gravity, in measurements, in calculations, in test 
procedures, or in plotting. 

NOTE 9-The 100 % saturation curve is sometimes referred to as the 
z e f ~  air voids curve or the complete saturation curve. 

11.3 Water Content, w-calculate in accordance with 
Test Method D 2216. 

11.4 Dry Unit Weights-Calculate the moist density (Q. 
11, the dry density (Eq. 2), and then the dry unit weight (Eq. 
3) as follows: 

Pm = Iooo(M, - M d ) / V  (1) 
where: 
Prn 
M r  = of moist specimen and mold, kg, 
Mmd = llus~ Of compaction mold, kg, and v 

moist density of compacted specimen, Mum3, 

= volume of compaction mol4 m3 (see Annex 1 

Pd = &/(I + w/lm) 
where: 
pd 
w = water content, %. 

= dry density of compacted specimen, Mum3, and 

y d  = 62.43 pd h ibf/ft3 
or 

where: 
y d  = dry unit weight of compacted specimen. 

1 1.5 To calculate points for plotting the 100 95 satural 
curve or zero air voids curve select values of dry unit weil 
calculate corresponding values of water content co 
synding to the condition of 100 96 sariwarion as follow$ 

r d  = 9.807 Pd in kN/m3 

where: 
w,, = water content for complete saturation, %, 
yw = unit weight of water, 62.43 lbf/A3 (9.807 kn/m3) 
yd = dry unit weight Of So& and 
G, = specific gravity of soil. 

NOTE IO-Specific gravity may be estimated for the test specime 
the basis of test data from other samples of the same soil classilia 
and source. Otherwise, a specific gravity test vest Method C 127, 
Method D 854, or both) is necessary. 

12. Report 
12.1 The report shall contain the following informatic 
12.1.1 Procedure used (A, B, or C). 
12.1.2 Preparation method used (moist or dry). 
12.1.3 As received water content if determined. 
12.1.4 Standard optimum water content, to the nea 

12.1.5 Standard maximum dry unit weight, to the nea 

12.1.6 Description of rammer (manual or mechanical 
12.1.7 Soil sieve data when applicable for determina 

12.1.8 Description of material used in test, by Prar 

12.1.9 Specific gravity and method of determination. 
12.1.10 origin of material used in test, for exan: 

project, location, depth, and the like. 
12.1.1 1 Compaction curve plot showing compac 

points used to establish compaction curve, and 10 
saturation curve, point of maximum dry unit weight 
optimum water content. 

12.1.12 Oversize correction data if used, including 
oversize fraction (coarse fraction), P, in %. 

0.5 %. 

0.5 ibfift3. 

of procedure (A, B, or C) used. 

D 2488, or classification by Test Method D 2487. 

13. Precision and Bias 
13.1 Precision-Data are being evaluated to deterr 

the precision of this test method. In addition, pertinent 
is being solicited from users of the test method. 

13.2 Bias-It is not possible to obtain information on 
because there is no other method of determining the vz 
of standard maximum dry unit weight and optimum P 
content. 

-170 ~ 



@ D698 69 
14. Keywords RT-density; RT-moisturedensity curves; RT-prmor 

test; UF-compaction characte~ics; UF-wil compaction; 
USE-laboratory tests 14.1 NT-impact compaction using standard effort; 

ANNEX 

(Mandatory Information) 

Al .  VOLUME OF COMPACTION MOLD 

Al.1 SCOW 

mining the volume of a compaction mold. 

method and checked by a linear-measurement method. 

A12 Apparatus 

Al.l . l  This annex describes the procedure for deter- 

A1.1.2 The volume is determined by a water-filled 

A 1.2.1 In addition to the apparatus listed in Section 6 the 
following items are required: 

A1.2.1.1 Vernier or Dial Caliper-having a measuring 
range of at least 0 to 6 in. (0 to 150 mm) and readable to at 
least 0.001 in. (0.02 mm). 

A 1.2.1.2 Inside Micrometer-having a measuring range 
of at least 2 to 12 in. (50 to 300 mm) and readable to at least 
0.001 in. (0.02 mm). 

A1.2.1.3 Plastic or Glass Plates-Two plastic or glass 
plates approximately 8 in. square by 1/4 in. thick (200 by 200 
mm by 6 mm). 

A1.2.1.4 Thennometer4 to 50°C range, 0 . K  gradua- 
tions, conforming to the requirements of Specification E l .  

Al.2.1.5 Stopcock grease or similar sealant. 
Al.2.1.6 Miscellaneous equipment-Bulb syringe, towels, 

etc. 

A13 Precautions 

drafts or extreme temperature fluctuations. 
A1.3.1 Perform this procedure in an area isolated from 

A1.4 Procedure 
A 1.4.1 Water-Filling Method: 
Al.4.1.1 Lightly grease the bottom of the compaction 

mold and place it on one of the plastic or glass plates. Lightly 
grease the top of the mold. Be careful not to get grease on the 
inside of the mold. If it is necessary to use the base plate, as 
noted in 10.4.7, place the greased mold onto the base plate 
and secure with the locking studs. 

A1.4.1.2 Determine the mass of the greased mold and 
both plastic or glass plates to the nearest 0.0 1 -1bm ( 1 -g) and 
record. When the base plate is being used in lieu of the 
bottom plastic or glass plate determine the mass of the mold, 
base plate and a single plastic or glass plate to be used on top 
of the mold to the nearest 0.0 I -1bm ( 1 -g) and record. 

A1.4.1.3 Place the mold and the bottom plastic or glass 
plate on a fm, level surface and fill the mold with water to 
slightly above its rim. 

A 1.4.1.4 Slide the second plate over the top surface of the 
mold so that the mold remains completely filled with water 
and air bubbles are not entrapped. Add or remove water as 
nece~~ary with a bulb syringe. 

Al.4.1.5 Completely dry any excess water from the out- 
side of the mold and plates. 

A1.4.1.6 Determine the mass of the mold, plates and 
water and record to the nearest 0.01-lbm (1-g). 

A1.4.1.7 Determine the temperature of the water in the 
mold to the nearest 1°C and record. Determine and record 
the absolute density of water From Table A 1.1. 

A1.4.1.8 Calculate the mass of water in the mold by 
subtracting the mass determined in A1.4.1.2 from the mass 
determined in A 1.4.1.6. 

A1.4.1.9 Calculate the volume of water by dividing the 
mass of water by the density of water and record to the 
nearest O.OOO1 ft3 (1  cm3). 

A 1.4.1.10 When the base plate is used for the calibration 
of the mold volume repeat Al.4.1.3 through A 1.4.1.9. 

Al.4.2 Linear Measurement Method: 
A1.4.2.1 Using either the vernier caliper or the inside 

micrometer, measure the diameter of the mold 6 times at the 
top of the mold and 6 times at the bottom of the mold, 
spacing each of the six top and bottom measurements 
equally around the circumference of the mold. Record the 
values to the nearest 0.001-in. (0.02-mm). 

A1.4.2.2 Using the vernier caliper, measure the inside 
height of the mold by making three measurements equally 
spaced around the circumference of the mold. Record values 
to the nearest 0.001-in. (0.02-mm). 

A1.4.2.3 Calculate the average top diameter, average 
bottom diameter and average height. 

A 1.4.2.4 Calculate the volume of the mold and record to 
the nearest O.OoO1 ft3 (1 cm3) as follows: 

. 

.. 

V =  (zxhX4 + d' (inch-pound) 
(16x1 728) 

(*XhXd, + db)2 V =  
( 16X IO') 

TABLE A1 Density of Water" 

18 (64.4) 0.99862 
19 (66.2) 0.99843 
20 (68.0) 0.99823 
21 (69.8) 0.99802 
22 (71.6) 0.99779 
23 (73.4) 0.99756 
24 (75.2) 0.99733 
25 (77.0) 0.99707 
26 (78.s) 0.99681 

Temperature. O C  (OF) Density of Water, g/ml 

"Value6 other than shown may be obtained by refwring to Um of 
-try and Physics, c h e m i  Rubber P u b l i i  Co.. Cbvdand. Ohio. 



where: 
V = volume of mold, ft3 (an3), 
h = average height, in. (mm), 
d, = average top diameter, in. (mm), 
db = average bottom diameter, in. (mm), 
1/1728 = constant to convert in3 to ft3, and 
?lo3 = constant to convert mm3 to cm3. 

A1.5 Comparison of Resnlts 
A 1 k 1  The volume obtained by either method should be 

within the volume tolerance requirements of 6.1.1 and 6.1.2. 

A 1 5 2  The difference between the two methods sho 
not exceed 0.5 9% of the nominal volume of the mold. 

A1.5.3 Repeat the determination of volume if these 
teria are not met. 

A1.5.4 Failure to obtain satisfactory agreement betw~ 
the two methods, even after several trials, is an indicat 
that the mold is badly deformed and should be replaced. 

A 1 S.5  Use the volume of the mold determined using 
water-filling method as the assigned volume value for cal 
lating the moist and dry density (see 1 1.4). 

The American Society for Tasting and Matenkls takes no p i t i o n  respecting the validity of any patent rights asserted in mneuion 
with any item mentioned in this staftdad Users d this standard are expressly advised that detenninafion of the validity of any such 
,Me .rig.&, ~d t c ~  .-.kt e! !.?.?,--T-? O! z - 3  $$%, ~3 SZky Gii; i&*iwGiiy. 

This standard is subjar3 to revision at any time by the raspcnsiMe technical m m i n e e  and must be reviewed every five years and 
if not revised, either reqpnmd or withdrawn. Your comments are invi?ed either for revision of this standard or for eddithd standuds 
and should be address& to ASTM Headquartem. Your comments will receive careful cansideratitm at a meeting d the responsible 
technical comm#tw. which you may attend. If you fed that your comments have not received a fair hearing you s h l d  make ywr 
views known to the ASTM comminee on standards, 1916 Fface st., Philadelphia, PA 19103. 
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1m Designation: D 854 - 92 
669 6 

Standard Test Method for 
Specific Gravity of Soils‘ 

This standard is issued under the fixed designation D 854; the number immediately follOaing the designation indicates tbe year of 
original adoption or, in the case of revision, the year of last revision. A number in parcnthesa indicates the year of lasl reapproval. A 
supmcript epsilon (e) indicates an editorial change since the lan revision or reapproval. 

. Scope 
1.1 This test method covers the determination of the 

pecific gravity of soils that pass the 4.75-mm (No. 4) sieve, 
y means of a pycnometer. When the soil contains particles 
uger than the 4.75-mm sieve, Test Method C 127 shall be 
sed for the material retained on the 4.75-mm sieve and this 
s t  method shall be used for the material passing the 
.75-mm sieve. 

1.1.1 Two procedures for performing the specific gravity 
re provided as follows: 

1.1.1.1 Method A-Procedure for Oven-Dry Specimens, 
lescribed in 9.1. 

1.1.1.2 Method B-Procedure for Moist Specimens, de- 
cribed in 9.2. The procedure to be used shall be specified by 
he requesting authority. For specimens of organic soils and 
ughly plastic, fine-grained soils, Procedure B shall be the 
referred method. 

1.2 When the specific gravity value is to be used in 
Aculations in connection with the hydrometer portion of 
rest Method D422, it is intended that the specific gravity 
est be made on that portion of the sample which passes the 
!.OO-mm (No. 10) sieve. 

1.3 The values stated in acceptable metric units are to be 
qyrded as standard. 

1.4 This standard does not purpon to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of {he user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
C 127 Test Method for Specific Gravity and Absorption of 

Coarse Aggregats 
C670 Practice for Preparing Precision and Bias State- 

ments for Test Methods for Construction Materials’ 
D422 Test Method for Particle-Size Analysis of Soils’ 
D653 Terminology Relating to Soil, Rock, and Contained 

D2487 Test Method for Classification of Soils for Engi- 
Fluids3 

neering Purposes3 
1 

I fhis M method is under the jurisdiction of ASTM Committee D 1 8  on Soil 
and Rock and is the direct responsibility of Subcommittee D18.03 on Texture, 
-city and Density Characteristics of Soils. 

CUmnl edition approved Nov. 15, 1992. Published January 1993. OriginaUy 
Publirhed’as D 854 - 45. Last previous edition D 854 - 9 1. ’ h n u a l  Book o j A S T M  Siandards. V0104.02. 

’Annual Book ojASTM standards, VOI 04.08. 
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D4753 Specification for Evaluating, Selecting, and SpeCi- 
fjmg Balances and scales for Use in Soil and Rock 
Testing’ 

E 1 Specification for ASTM Thermometers4 
E 11 Specification for Wire-Cloth Sieves for Testing 

E 12 Terminology Relating to Density and Specific 

2.2 AASHTO Standards:’ 
AASHTO Test Method TlOO 

Purposes5 

Gravity of Solids, Liquids, and Gases6 

b 

3. Terminology 

D 653 and E 12. 
3.1 All definitions are in accordance with Terminology 

3.2 Description of Term Specific to This Standard: 
3.2.1 specific gravity-the ratio of the mass of a unit 

volume of a material at a stated temperature to the mass of 
the same volume of gas-free distilled water at a stated 
temperature. 

4. Significance and Use 
4.1 The specific gravity of a soil is used in calculating the 

phase relationships of soils (that is, the relative volumes of 
solids to water and air in a given volume of soil). 

4.2 The term solid particles is typically assumed to mean 
naturally occumng mineral particles that are not readily 
soluble in water. Therefore, the specific gravity of materials 
containing extraneous matter (such as cement, lime, and @e 
like), water-soluble matter (such as sodium chloride), and 
soils containing matter with a specific gravity less than one, 
typically require special treatment or a qualified definition of 
their specific gravity. 

5. Apparatus 
5.1 Pycnometer-The pycnometer shall be one of the 

following: 
5.1.1 Volumetric Flask, having a capacity of at least IO0 

mL. 
5.1.2 Stoppered Boule, having a capacity of at least 50 

mL. The stopper shall be of the same material, and shall 
permit the emission of air and surplus water when it is put in 
place. 

NOTE 1-Flask sizes of greater than the specified minimum capaci~ 
are recommended. Larger flasks are capable of holding lager specimens 
and tend to produce better statistical results. 

~ ~~ 

Annual Book of ASTM SiandardT. Vol 14.03. 
5 Annual Bmk of A S T M  SIanahrdT, Vol 14.02. 

Annual Book of ASTM Slandaraj. Vol 15.05. ’ Available from American A ~ ~ c i a t i o n  of State Highway and Transportation 
Oflicials, 444 N Capital St.. NW. Washington. DC 20001. 
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5.2 Balance-Meeting the requirements of Specification 
D 4753 and readable, without estimation, to at least 0.1 9% of 
the specimen mass. 

5.3 Drying Oven-Thermostaticallyantrolled oven, ca- 
pable of maintaining a uniform temperature of 110 -C 5°C 
(230 +. 9°F) throughout the drylng chamber. 

5.4 Thermometer, capable of measuring the temperature 
range within which the test is being performed, graduated in 
a 0.5"C (1 .o"F) division scale and meeting the requirements 
of Specification E 1. 

5.5 Desiccator-A desiccator cabinet or large desiccator 
jar of suitable size containing silica gel or anhydrous calcium 
sulfate.* 

NOTE 2-It is preferable to use a desiccant that changes color to 

5.6 Entrapped Air Removal Apparatus-To remove en- 
trapped air, use one of the following 

5.6.1 Hot Plate or Bunsen Burner, capable of maintaining 
a temperature adequate to boil water. 

5.6.2 Vacuum System, a vacuum pump or water aspi- 
rator, capable of producing a partial vacuum of 100 min or 
less absolute pressure. 
NOTE 3-A partial vacuum of 100 mm Hg absolute pressure is 

approximately equivalent to a 660 mm (26 in.) Hg reading on vacuum 
gauge at sea level. 

5.7 Miscellaneous Equipment, specimen dishes and insu- 
lated gloves. 

6. Reagents and Materials 
6.1 Purity of Water-Where distilled water is referred to 

in this test method, either distilled or demineralized water 
may be used. 

7. Test Specimen 
7.1 The test specimen may be ovendried or moistened 

soil and shall be representative of the total sample. In either 
case the specimen shall be large enough that its minimum 
m a s  in the oven-dried state is in accordance with the 
following: 

indicate when it needs reconstitution. 

Maxlmum Standard 
k U C k  Size Sieve Minimum Mass 

(100 56 paslag) S i  of Test SpaAmen. g 

2 mm No. 10 20 
4.75 mm No. 4 100 

8. Calibration of Pycnometer 
8.1 Determine and record the mass of a clean, dry 

pycnometer, Mf 
8.2 Fill the pycnometer with distilled water to the calibra- 

tion mark. Visually inspect the pycnometer and its contents 
to ensure that there are no air bubbles in the distilled water. 
Determine and record the mass of the pycnometer and 
water, Ma. 

8.3 Insert a thermometer in the water, and determine and 
record its temperature, T, to the neare? 0.W ( 1 .o"F). 

8.4 From the mass, M, determing at the observed 
temperature, T, prepare a table of values of mass, Ma, for a 
Series of temperatures that are likely to prevail when the 

~- 

IAnhydrous'calcium sulfate is sold under the bade name Dtierite. 

w, . . I  

mass of the pycnometer, soil, and water, Mb, 
later. These values of Ma can be determined t 
or may be calculated as follows: 
M, (at T,) = [(density of water at TJdensity of wa 

where: 
Ma = mass of pycnometer and water, g, 
Mf = mass of pycnometer, g, 
Tu = observed temperature of water, "C, and 
T, = any other desired temperature, "C. 

at T,) x (M, (at T,) - 

NOTE &This test method provides a procedu 
convenient for laboratories making many determinatic 
pycnometer. It is equally applicable to a single detenr 
the pycnometer and contents to some designated tc 
mas* M, and M5 are taken. requires considerable tin 
that masses M, and Mb be based on water at the P 
Values for the density of water at temperatures from 
given in Table I .  

9. Procedure 
9.1 Test Method A-Procedure For Ove 

mens: 
9.1.1 Dry the specimen to a constant mi 

maintained at 110 -C 5°C (230 -C 9°F) (See No1 
in a desiccator. 
N m  S--Drylng of certain soils at 110'C (230- 

loss of water of composition or hydration, and in such 
be done in reduced air pressure or at a lower tempen 

9.1.2 Determine and record the mass Oi 
calibrated pycnometer, Mf Select a pycnome 
capacity that the volume filled to the mark w 
percent greater than the space required to act 
test specimen. Place the specimen in th 

TABLE 1 Density of Water and Correction Fact 

Temperature. O C  Density of Water (g/mL) CC 
Temperatures 

16.0 0.99897 
16.5 0.99889 
17.0 0.99880 
17.5 0.99871 
18.0 0.99862 
18.5 0.99853 
19.0 0.99843 
19.5 0.99833 . 
20.0 0.99823 
20.5 0.9981 2 
21 .o 0.99802 
21.5 0.99791 
22.0 0.99780 
22.5 0.99768 
23.0 , 0.99757 
23.5 0.99745 
24.0 0.99732 
24.5 0.99720 
25.0 0.99707 
25.5 0.99694 
26.0 0.99681 
26.5 0.99666 
27.0 0.99654 
27.5 0.99640 
28.0 0.99626 
28.5 0.99612 
29.0 0.99597 
29.5 0.99582 
30.0 0.99567 
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TABLE 2 Table of Precision Estimates" 

(4.75 mm) (2.00 mm) (4.75 mm) (2.00 mm) 
le-operefor precision: 
Dhssive soils 0.021 0.019 0.06 0.06 
Dncohesive soils E B B 
ilaborerwy precision: 
m e s o i l s  0.056 0.041 0.16 0.12 
ncohesive soils B E e 

B 

B 

The fgures given in Columns 2 and 3 are the standard deviations that have 
I found to be appropiate for me materialsdesaibed in column 1. Thefigwes 
I in columns 4 and 5 am me timRs that should not be exceeded by the 
wlm between the two properfv omducted tests. 
These numbers represent, mps tndy  ' , the (is) and 02s) limits as de 
ed in RactiQ C 670. 
Criteria for assigning standard deviation values for noncohesive soils are not 
bie at the present time. 

ermine the mass of the specimen and pycnometer, and 
tract the mass of the pycnometer, Mj from this value to 
:rmine the mas of the ovendry specimen, M,. 
1.3 Fill the pycnometer with distilled water to a'level 

itly above that required to cover the soil and soak the 
:imen for at least 12 h. 
ME &For some soils containing a significant fraction of organic 
er, kerosine is a better wetting agent than water and may be used in 
: of distilled water for oven-dried specimens. If kerosine is used, the 
ipped air should only be removed by use of an aspirator. Kerosine is 
nmable Liquid that must be used with extreme caution. 
DTE 7-Adding distilled water to just cover the soil makes it easier 
ntrol boilover during removal of enmpped air. 

1.4 Remove the entrapped air by one of the following 
hods: 
1.4.1 Boil the specimen gently for at least 10 min while 
tting the pycnometer occasionally to assist in the re- 
al of air. Then cool the heated specimen to room 
mature. 
1.4.2 Subject the contents to a vacuum (air pressure not 
eding 100 mm Hg) for at least 30 min (Note 8) either by 
iecting the pycnometer directly to an aspirator or 
um pump or by use of a bell jar. While the vacuum is 
g applied, gently agitate the pycnometer periodically to 
t in the removal of air. Some soils boil violently when 
xted to reduced air pressure. It wil l  be neceSSary in those 
i to reduce the air pressure at a slower rate or to use a 
'r flask. 
m 8-Specimens with a high plasticity at the natural water 
nt may require 6 to 8 h to remove entrapped air. Specimens with a 
h%icity at the natural water content may require 4 to 6 h to 
"e entrapped air. Ovendried specimens may require 2 to 4 h to 
we entrapped air. 

1.5 Fill the pycnometer to just below the calibration 
C with distilled water at room temperature. Add the dis- 
I water slowly and carefully to avoid the entrapment of 
Ubbles in the specimen (Note 9). Allow the pycnometer 
btain a uniform water temperature (Note 10). 

TE 9-TO avoid the entrapment of air bubbles, the distilled water 
introduced through a piece of Smalldiameter flexible tubing with 
th end kept just below the surface of the distilled water in the 
'meter. 

N m  10-To obtain a uniform water tempemture the pycnometer 
may be allowed to sit overnight or be placed in a constant temperatun 
bath. 

9.1.6 Fill the pycnometer with distilled water at the iame 
temperature to the mark, clean the outside, and dry with a 
clean, dry cloth. Determine and record ?he mass of the 
pycnometer filled with soil and water, Mb 

9.1.7 Insert a thermometer into the water, and determine 
and record its temperature, Tb, to the nearest 0.5"C ( 1 .Om. 

9.2 Test Method B-Procedure For Moist Specimens: 
9.2.1 Place the specimen in a calibrated pycnometer. 
9.2.1.1 Disperse specimens of clay soils in distilled water 

before they are placed in the pycnometer, by use of the 
dispersing equipment specified in Test Method D 422. The 
minimum volume of slurry that can be prepared by this 
dispersing equipment is such that a 500-mL (or larger) flask 
is needed as a pycnometer. 

9.2.2 Proceed as described in Sections 9.1.4 and 9.1.7. 
9.2.3 Remove the specimen from the pycnometer, and 

dry it to a constant m a s  in an oven maintained at 1 10 k 5°C 
(230 f 9°F) (See Note 5). Cool the specimen in a desiccator. 

9.2.4 Determine and record the mass of the oven-dried 
soil, M,. 

10. Calculation 
10.1 Calculate the specific gravity of the soil, G, to the 

nearest 0.0 1, based on water at a temperature (Tb) as follows: 
G at Tb = M,/(M, + (Ma - Mbl 

where: 
M, = mass of sample of ovendry soil, g, 
Ma = mass of pycnometer filled with water at temperature 

k f b  =mass of pycnometer filled with water and soil at 

Tb = temperature of the contents of the pycnometer when 

. 

Tb (Note 1 I), g, 

temperature T, g, 

mass Mb was determined, "C. 
NOTE I ]-This value can be obtained from the table of values of M, 

prepared in accordance with 6.2, for the temperatures prevailing when 
mass Mb was determined, %. 

NOTE 12-The equation shown in 9.1 is for computing the specific 
gravity of the soil tested in water. When kerosine is used, the Eq must be 
adjusted by multiplying the result by the specific gravity of kerosine at 
T b  and dividing it by the density of water at Tb. 

10.2 Calculate the weighted average specific gravity for 
soils containing particles both larger and smaller than the 
4.75-mm sieve using the fallowing equation: 

1 

+- p1 4 Gavg = - 
IOOG, IOOG, 

where: 
G,, = weighted average specific gravity of soils composed of 

particles larger and smaller than the 4.75-mm sieve, 
R, = percent of soil particles retained on 4.75-mm sieve, 
P, = percent of soil particles passing the 4.75-mm sieve, 
G, = apparent specific gravity of soil particles retained on 

the 4.75-mm sieve as determined by Test Method 
C 127, and (bUQ%S3 
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I Gz = specific gravity of soil particles passing the 4.75-mm 

10.3 Unless otherwise required, specific gravity (G) values 
reported shall be based on water at 20°C. Calculate the value 

on water at 20°C from the value based on water at the 
observed temperature Tb, as follows: 

G at 20'C = K x (Gat Tb) 
where: 
K = a number found by dividing the density of water at 

temperature Tb by the density of water at 20°C. Values 
for the range of temperatures are given in Table 1. 

10.4 In some cases, it is desired to report the specific 
gravity value based on water at a different temperature. In 
these cases, the specific gravity value, based on any temper- 

sieve as determined by th is  test method. 

ature Fm may *E c;iiica:&t& s ~C!~OT?.IC: 

G at 20% 
K 

Gat T, = 

11. Report 
1 1.1 The report (data sheet) shall include the following 
1 1.1.1 Identification of the sample (material) being tested, 

such as boring number; sample number, test number, etc. 
11.1.2 Specific gravity at 20°C to the nearest 0.01. Test 

procedure used (A or B). 

11.1.3 Maximum p d c l e  size of the test specimen. 
1 I .  1.4 Specific gravity to the nearest 0.01 at a specif 

temperature other than 20"C, if applicable. 
1 1.1.5 Type of fluid used, if other than distilled water 
1 1.1.6 When any portion of the original sample of so 

eliminated in the preparation of the test specimen, 
portion on which the test has been made shall be reportc 
12. Precision and Bias 

12.1 Precision-Critena for judging the acceptabilir 
specific gravity test results obtained by this test methoc 
material passing the 4.75-rnm sieve are given as follows: 
12.2 Sfatement of Precision-Criteria for judging 

acceptability of specific gravity test results obtained by 
test method on material passing the 4.75 (No. 4) or 2.00 
(No. 10) sieve are given in Table 2. The estimate 
precision for material passing the 2.W mm sieve ae "G- 
results from the AASHTO Materials Reference Labor; 
(AMRL) Proficiency Sample Program, of testing condi 
on material passing the 2.00 (No. 10) sieve by this 
method and AASHTO Test Method T100. 
12.3 Bias-There is no acceptable reference value fo 

test method; therefore, bias cannot be determined. 
13. Keywords 
13.1 soil; specific gravity 

The American Society for Testing end Materials takes no pasition rsspeCiing the validity of my patent rights a.ssetted in connection 
with any item mentioned in this standard. Users of this standard we expressly advised that determination ot the validity of any such 
ptenf rights. and the risk ol infriftpment of such rights, are entirely their own responsibiliry. 

T M  standard is subject to revision at any time b y  the responsible technical cornminee and must be reviewed every five year's end 
if not nrvised, either reapproved w withdrawn. Your comments are i&6d either far revision d this standard 01 for a d d i t i w  standads 
and should be addressed to ASTM Headquartem Y w r  cornmenis will receive careful consideraion at a meeting of the responsible 
technical awnlminee. which you may attend. /f you feel that your cwnments have not received a fair hearing y w  should make your 
views known to the ASTM cornminee on Stendards, 1916 Race Sc., Philadelphia. PA 19103. 
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669 
(# Designation: D 1452 - 80 (Reapproved 1990)'' 

Standard Practice for 
Soil Investigation and Sampling by Auger Borings' 

This standard is issued unda the fixed designation D 145% the number immediately following the designation indica= the year of - 
original adoption or, in the case of revision, the year of last revision. A number in parcnthcvs indicates the year oflan mpproval. A 
supencript epsilon (e) indicates an editorial change since the last midon or reapproval 

This standard has been approved for use by agencies of the Depanmrm of D&se. Co*i ihe DoD Index of Specifiations ami 
Standards for the specific year ofissue which has been adopied by ihe Department of D&nse. 

'I NoTE--Section 6 was added editoriallv in Julv 1990. 

1. scow 
1.1 This practice covers equipment and procedures for the 

use of earth augers in shallow geotechnical exploration. This 
practice does not apply to sectional continuous flight augers. 

1.2 This standard does not purport to address the safety 
problems associated with iu use. It is the responsibility of the 
user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Significance and Use 
2.1 Auger borings often provide the simplest method of 

soil investigation and sampling. They may be used for any 
purpose where disturbed samples can be used and are 
valuable in connection with ground water level determina- 
tion and indication of changes in strata and advancement of 
hole for spoon and tube sampling. Equipment required is 
simple and readily available. Depths of auger investigations 
are, however, limited by ground water conditions, soil 
charactenstics, and the equipment used. 

3. Apparatus 
3.1 Hand-Operated Augers: 
3.1.1 Helical Augers-Small lightweight augers generally 

available in sizes from 1 through 3 in. (25.4 through 76.2 
mm). 

3.1.1.1 Spiral-Type Auger, consisting of a flat thin metal 
strip, machine twisted to a spiral configuration of uniform 
pitch; having at one end, a sharpened or hardened point, 
with a means of attaching a shaft or extension at the opposite 
end. 

3.1.1.2 Ship-Type Auger-Similar to a carpenter's wood 
bit. It is generally forged from steel and machined to the 
desired size and configuration. It is normally provided with 
sharpened and hardened nibs at the point end and with an 
integral shaft extending through its length for attachment of 
a handle or extension at the opposite end. 

3.1.2 Open Tubular Augers, ranging in size from 1.5 
through 8 in. (38.1 through 203.2 mm) and having the 

' This practice is unda the jurisdiction of ASThl Committee D18 on Soil and 
Rock and is the direct responsibility of Subcommittee D18.02 on Sampling and 
Related Field Testing for Soil Investigations. 

C a n t  edition approved June 12. 1980. Published August 1980. Orighally 
published as D 1452 - 57 T. Lan previous edition D 1452 - 65 (1972). 
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common characteristic of appearing essentially tubular when 
viewed from the digging end. 

3.1.2.1 Orchard-Barrel Type, consisting essentially of a 
tube having cutting lips or nibs hardened and sharpened to 
penetrate the formation on one end and an adaptor fitting 
for an extension or handle on the opposite end. 

3.1.2.2 Open-Spiral Type, consisting of a flat thin metal 
strip that has been helically wound around a circular 
mandrel to form a spiral in which the flat faces of the strip 
are parallel to the axis of the augered hole. The lower helix 
edges are hard-faced to improve wear characteristics. The 
opposite end is fitted with an adaptor for extension. 

3.1.2.3 Closed-Spiral Type-Nearly identical to the open- 
spiral type except, the pitch of the helically wound spiral is 
much less than that of the open-spiral type. 

3.1.3 Post-Hole Augers, generally 2 through 8 in. (50.8 
through 203.2 mm), and having in common a means of 
blocking the escape of soil from the auger. 

3.1.3.1 Clam-Shell Type, consisting of two halves, hinged 
to allow opening and closing for alternately digging and 
retrieving. It is not usable deeper than about 3.5 ft (1.07 m). 

3.1.3.2 Iwan Type, consisting of two tubular steel seg- 
ments, connected at the top to a common member to form a 
nearly complete tube, but with diametrically opposed open- 
ings. It is connected at the bottom by two radial blades 
pitched to serve as cutters which also block the escape of 
contained soil. Attachment of handle or extension is at the 
top connector. 

3.2 Machine-Operated Augers: 
3.2.1 Helical Augers, generally 8 through 48 in. (203.2 

through 1219 mm), consisting essentially of a center shaft 
fitted with a shank or socket for application of power, and 
having one to three complete 360" (6.28-rad) spirals for 
conveyance and storage of cut soil. Cutter bits and pilot bits 
are available in moderate and hard formation types and 
normally replaceable in the field. They are normally oper- 
ated by heavyduty, high-torque machines, designed for 
heavy construction work. 

3.2.2 Stinger Augers, generally 6 through 30 in.-(152.4 
through 762 mm), are similar to the helical auger in 3.2.1, 
but lighter and generally smaller. They are commonly 
operated by lightduty machines for post and power pole 
holes. 

3.2.3 Disk Augers, generally 10 through 30 in. (254 
through 762 mm), consisting essentially of a flat, steel disk 
with diametrically opposed segments removed and having a * .  I ,  
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shank or socket located centrally for application of power. 
Replaceable cutter bits, located downward from the leading 
edges of the remaining disk, dig and load soil that is held on 
the disk by valves or shutters hinged at the disk in order to 
close the removed segments. The disk auger is specifically 
deigned. to be operated by machines having limited vertical 
clearance between spindle and ground surface. 

3.2.4 Bucket Auger, generally 12 through 48 in. (304.8 
through 1219 mm), consisting essentially of a disk auger, 
without shank or socket, but hinge-mounted to the bottom 
of a steel tube or bucket of approximately the same diameter 
as the disk auger. A socket or shank for power application is 
located in the top center of the bucket diametral cross piece 
provided for the purpose. 

3.3 Casing jwnen neeciedj, consisring of pipe of siighuy 
larger diameter than the auger used. 

3.4 Accessory Equipment-Labels, field log sheets, sample 
jars, sealing wax, sample bags, and other necessary tools and 
supplies. 

4. Procedure 
4.1 Make the auger boring by rotating and advancing the 

desired distance into the soil. Withdraw the auger from the 
hole and remove the soil for examination and test. Return 
the empty auger to the hole and repeat the procedure. 
Continue the sequence until the required depth is reached. 

4.2 Casing is required in unstable soil in which the bore 
hole fails to stay open and especially when the boring is 
extended below the ground-water level. The inside diameter 
of the casing must be slightly larger than the diameter of the 
auger used. The casing shall be driven to a depth not greater 
than the top of the next sample and shall be cleaned out by 
means of the auger. The auger can then be inserted into the 
bore hole and turned below the bottom of the casing to 
obtain a sample. 

4.3 The soil auger can be used both for boring the hc 
and for bringing up disturbed samples of the soil encot 
tered. The structure of a cohesive soil is completely destro) 
and the moisture may be changed by the auger. Seal 
samples in a jar or other airtight container and la1 
appropriately. If more than one type of soil is picked up 
the sample, prepare a separate container for each type of s( 

4.4 Field Observations-Record complete ground wa 
information in the field logs. Where casing is used, meaa 
ground water levels, both before and after the Casing 
pulled. In sands, determine the water level at least 30 n 
after the boring is completed; in silts, at least 24 h. In cla 
no accurate water level determination is possible unl 
pervious seams are present. As a precaution, however, wa 
ieveis in ciays siaii be taken after at ieast 24 n. 
5. Report 

5.1 The data obtained in boring shall be recorded in 1 
field logs and shall include the following: 

5.1.1 Date of start and completion of boring, 
5.1.2 Identifying number of boring, 
5.1.3 Reference datum including direction and distance 

boring relative to reference line of project or other suita 
reference points, 

5.1.4 Type and size of auger used in boring, 
5.1.5 Depth of changes in strata, 
5.1.6 Description of soil in each major stratum, 
5.1.7 Ground water elevation and location of seep, 

zones, when found, and 
5.1.8 Condition of augered hole upon removal of aul 

that is, whether the hole remains open or the sides ca 
when such can be observed. 

6. Keywords 
Auger borings; sampling; soil investigations 

The American Society for Testing and Materials takes no position respecting the validity of any pateni rights asserted in connection 
WM any item mentioned in this Standard. Users Of this standard are aXpressly advised that derermination Of the validity of any Such 
patent rights. and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at my time by the responsible technicel m m i n e e  and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Ywr  comments 818 invited either for revision of this standard or for additional standards 
and shculd be addressed to ASTM Headqwrters. Ycur comments mil receive careful considemion at a meering of the responsible 
technicel comminee, which you may attend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM cornminee on Standards, 1916 Race St., Philadelphia, PA 19103. 
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4m Designation: D 1586 - 84 (Reapproved 1992)" 

Standard Test Method for 
Penetration Test and Split-Barrel Sampling of Soils' 

This standard is ha! unda the 6x4 designation D 1586; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision. the year Of last revision. A number in parentheses ~ndicatcs the year of lan reapproval. A 
supencript epsilon (e) indicates an editorial change since the last revision or reapproval. 

This standard hac been approvedfir use by agencies of the Depanrnm of Ddeme. C o d t  the DOD Index of SpecQicatiom and 
Standards for the specQic year of issue which has been adopted by the Depanrnent of Defme.  

elNO~--Editorial changes were made throughout October 1992. 

1. scope 
1 . 1  This test method describes the procedure, generally 

known as the Standard Penetration Test (SFT), for driving a 
# - b a d  sampler to obtain a representative soil sample 
and a measure of the resistance of the soil to penetration of 
fie sampler. 

1.2 This standard does not purport to address all of the 
safity problem, if any, associated with its use. It is the 
tesponsibility of the user ofthis standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. For a specific 
precautionary statement, see 5.4.1. 

1.3 The values stated in inch-pound units are to be 
regarded as the standard. 

2. Referenced Documents 
2.1 ASTM Standards: 
D2487 Test Method for Classification of Soils for Engi- 

neering Purposesz 
D 2488 Practice for Description and Identification of Soils 

(Visual-Manual Pracedure)2 
D4220 Practices for Preserving and Transporting Soil 

Samplesz 
D4633 Test Method for Stress Wave Energy Measure- 

ment for Dynamic Penetrometer Testing SystemsZ 

3. Terminology 
3.1 Descriptions of Terms. Specific to This Standard 
3.1.1 anvil-that portion of the drive-weight assembly 

which the hammer strikes and through which the hammer 
energy passes into the drill rods. 

3.1.2 cathead-the rotating drum or windlass in the 
rope-cathead lift system around which the operator wraps a 
rope to lift and drop the hammer by successively tightening 
and loosening the rope turns around the drum. 

3.1.3 drill rocis-rods used to transmit downward force 
and torque to the drill bit while drilling a borehole. 

3.1.4 drive-weight assemblpa device consisting of the 

I This method is under the juridicdon of ASTM Committee D-18 on Soil and 
Rock and is the direct responsibility of Subcommittee Dl8.02 on Sampling and 
Related Field Testing for Soil InMtigationr 

Cumnt edition approved Sept 11, 1984. Published November 1984. OriginaUy 
Pub- BS D 1586 - 58 T. Laa ~ V ~ O U S  edition D 1586 - 67 (1974). 

Annual Book of RSTM Slwtabr&, Vol04.08. 
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hammer, hammer fall guide, the anvil, and any hammer 
drop system. 

3.1.5 hammer-that portion of the drive-weight assembly 
consisting of the 140 f 2 lb (63.5 f 1 kg) impact weight 
which is successively Lifted and dropped to provide the 
energy that accomplishes the sampling and penetration. 

3.1.6 hammer drop system-that portion of the drive- 
weight assembly by which the operator accomplishes the 
lifting and dropping of the hammer to produce the blow. 

3.1.7 hammer fall guide-that part of the drive-weight 
assembly used to guide the fall of the hammer. 

3.1.8 N-value-the blowcount representation of the pene- 
tration resistance of the soil. The N-value, reported in blows 
per foot, equals the sum of the number of blows required to 
drive the sampler over the depth interval of 6 to 18 in. (1 50 
to 450 mm) (see 7.3). 

3.1.9 AiV-the number of blows obtained from each of 
the 6-in. (150-mm) intervals of sampler penetration (see 7.3). . 

3.1.10 number of rope turns-the total contact angle 
between the rope and the cathead at the beginning of the 
operator's rope slackening to drop the hammer, divided by 
360" (see Fig. 1). 

3.1.1 1 sampling rods-rods that connect the drive-weight 
assembly to the sampler. Drill rods are often used for this 
P W W .  

3.1.12 SPT-abbreviation for Standard Penetration Test, 
a term by which engineers commonly refer to this method. 

4. significance and Use 
4.1 This test method provides a soil sample for identifica- 

tion purposes and for laboratory tests appropriate for soil 
obtained from a sampler that may produce large shear strain 
disturbance in the sample. 

4.2 This test method is used extensively in a great variety 
of geotechnical exploration projects. Many local correlations 
and widely published correlations which relate SPT blow- 
count, or N-value, and the engineering behavior of earth- 
works and foundations are available. * 

5. Apparatus 
5.1 Drilling Equipment-Any drilling equipment that 

provides at the time of sampling a 'suitably clean open hole 
before insertion of the sampler and ensures that the penetra- 
tion test is performed on undisturbed soil shall be acceptable. 
The following pieces of equipment have proven to be 

\ 

, 
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(b) do&wise rotation 
approximatdy 2’h turns 

Definitions of the Number of Rope Turns and the 

suitable for advancing a borehole in some subsurface condi- 
tions. 

5.1.1 Drag, Chopping, and Fishtail Bits, less than 6.5 in. 
(162 mm) and greater than 2.2 in. (56 mm) in diameter may 
be used in conjuction with open-hole rotary drilling or 
casing-advancement drilling methods. To avoid disturbance 
of the underlying soil, bottom discharge bits are not per- 
mitted; only side discharge bits are permitted. 

5.1.2 Roller-Cone Bits, less than 6.5 in. (162 mm) and 
greater than 2.2 in. (56 mm) in diameter may be used in 
conjunction with open-hole rotary drilling or casing-ad- 
vancement drilling methods if the drilling fluid discharge is 
deflected. 

5.1.3 Hollow-Stem Continuous Flight Augers, with or 
without a center bit assembly, may be used to drill the 
boring. The inside diameter of the hollow-stem augers shall 
be less than 6.5 in. (162 mm) and greater than 2.2 in. (56 
:mm). 

5.1.4 Solid, Continuous Flight, Bucket and Hand Augers, 
6.5 in. (162 mm) and greater than 2.2 in. (56 mm) 
ter may be used if the soil on the side of the boring 

not cave onto the sampler or sampling rods during 

ling Rods--l;lush-joint steel drill rods shall be 
connect the split-barrel sampler to the drive-weight 
Y. The sampling rod shall have a stiffness (moment 

d a )  equal to or greater than that of parallel wall ‘A” 
(a steel rod which has an outside diameter of 15i8 in. 

1.2 mm) and an inside diameter of 1% in. (28.5 mm). 

Section 6-8 
Angle for (e) Counterclockwise Rotation and 

Cathead 
(b) Clockwise Rotation of the 

Section A-A 

NOTE 1-Recent research and comparative testing indicates the ty 
rod used, with stiffnea ranging from ‘A” Sire rod to ‘N” size rod, u 
usually have a negligible effect on the N-values to depths of at least 11 
A (30 m). 

5.3 Split-Banel Sampler-The sampler shall be co, 
structed with the dimensions indicated in Fig. 2. The drivix 
shoe shall be of hardened steel and shall be replaced 
repaired when it becomes dented or distorted. The use 
liners to produce a constant inside diameter of 1% in. (3 
mm) is permitted, but shall be noted on the penetratio 
record if used. The use of a sample retainer basket 
permitted, and should also be noted on the penetratio 
record ifused. 

NOTE 2-Both theory and available test data suggest that N-vaIuc 
‘may increase between 10 to 30 9% when Liners are used. 

5.4 Drive- Weight Assembly: 
5.4.1 Hammer and Anvil-The hammer shall weigh 14 

+. 2 lb (63.5 -C 1 kg) and shall be a solid rigid metallic mas 
The hammer shall strike the anvil and make steel on stee 
contact when it is dropped. A hammer fall guide permitting 
free fall shall be used. Hammers used with the cathead anc 
rope method shall have an unimpeded overlift capacity of a 
least 4 in. (100 mm). For safety reasons, the use of a hamme 
assembly with an internal anvil is encouraged. 

NOTE 3-11 is suggested that the hammer fall guide be permanentl! 
marked to enable the operator or inspeaOr to judge the hammer drol 
height. 

5.4.2 Hammer Drop System-Ropeathead, trip, semi. 
automatic, or automatic hammer drop systems may be used, 
providing the lifting apparatus will not cause penetration ol 
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0~ @astic retainerr may be used to retain soil samples. 
The 1% in. (38 mm) inside d i t e r  yrlit barrel may be used with a %-gage wall thickness split liner. The penetrating end of the drive shoe may be slightly rounded. Me! 

, FIG. 2 Split-Barrel Sampler 

the sampler while reengaging and lifting the hammer. 
5.5 Accessoj Equipment-Accessories such as labels, 

sample'containers, data sheets, and groundwater level mea- 
suring devices shall be provided in accordance with the 
requirements of the project and other ASTM standards. 

6. Drilliig Procedure 
6.1 The boring shall be advanced incrementally to permit 

intermittent or continuous sampling. Test intervals and 
locations are normally stipulated by the project engineer or 
geologist. Typically, the intervals selected are 5 ft (1.5 mm) 
or less in homogeneous strata with test and sampling 
locations at every change of strata. 

6.2 Any drilling procedure that provides a suitably clean 
and stable hole before insertion of the sampler and assures 
that the penetration test is performed on essentially undis- 
turbed soil shall be acceptable. Each of the following 
procedures have proven to be acceptable for some subsurface 
conditions. The subsurface conditions anticipated should be 
considered when selecting the drilling method to be used. 

6.2.1 Open-hole rotary drilling method. 
6.2.2 Continuous fIight hollow-stem auger method. 
6.2.3 Wash boring method. 
6.2.4 Continuous fight solid auger method. 
6.3 Several drilling methods produce unacceptable 

borings. The process of jetting through an open tube sampler 
and then sampling when the desired depth is reached shall 
not be permitted. The continuous flight solid auger method 
shall not be used for advancing the boring below a water 
table or below the upper confining bed of a confined 
noncohesive stratum that is under artesian pressure. Casing 
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may not be advanced below the sampling elevation prior t 
sampling. Advancing a boring with bottom discharge bits I 
not permissible. It is not permissible to advance the borin 
for subsequent insertion of the sampler solely by means c q  
previous sampling with the SPT sampler. 

6.4 The drilling fluid level within the boring or holloH 
stem augers shall be maintained at or above the in sit 
groundwater level at all times during drilling, removal of dri 
rods, and sampling. 

7. Sampling and Testing Procedure 
7.1 After the boring has been advanced to the d e s k  

sampling elevation and excessive cuttings have been re 
moved, prepare for the test with the following sequence o 
operations. 

7.1.1 Attach the split-barrel sampler to the sampling rod 
and lower into the borehole. Do not allow the sampler tc 
drop onto the soil to be sampled. 

7.1.2 Position the hammer above and attach the anvil tc 
the top of the sampling rods. This may be done before thc 
sampling rods and sampler are lowered into the borehole. 

7.1.3 Rest the dead weight of the sampler, rods, anvil, a n c  
drive weight on the bottom of the boring and apply a seatin1 
blow. If excessive cuttings are encountered at the bottom o 
the boring, remove the sampler and sampling rods from tht 
boring and remove the cuttjngs. 

7.1.4 Mark the drill rods in three successive 6-in. (0.15-m: 
increments so that the advance of the sampler under thc 
impact of the hammer can be easily observed for each Gin. 
(0.15-m) increment. 

7.2 Drive the sampler with blows from the 140-lb (63.5- 



kg) hammer and count the number of blows applied in each 
6-in. (0.15-m) increment until one of the following occurs: 

7.2.1 A total of 50 blows have been applied during any 
one of the three 6-in. (0.15-m) increments described in 7.1.4. 

7.2.2 A total of 100 blows have been applied. 
7.2.3 There is no observed advance of the sampler during 

the application of 10 successive blows of the hammer. 
7.2.4 The sampler is advanced the complete 18 in. (0.45 

m) without the limiting blow counts occurring as described 
in 7.2.1, 7.2.2, or 7.2.3. 

7.3 Record the number of blows required to effect each 6 
in. (0.15 m) of penetration or fraction thereof. The first 6 in. 
is considered to be a seating drive. The sum of the number of 
blows required for the second and third 6 in. of penetration is 
termed the "standard penetration resistance." or the 
--iv-vaiue." if the sampler is driven less than 18 in. (0.45 m), 
as permitted in 7.2.1, 7.2.2, or 7.2.3, the number of blows 
per each complete 6-in. (0.15-m) increment and per each 
partial increment shall be recorded on the boring log. For 
partial increments, the depth of penetration shall be reported 
to the nearest 1 in. (25 mm), in addition to the number of 
blows. If the sampler advances below the bottom of the 
boring under the static weight of the drill rods or the weight 
of the drill rods plus the static weight of the hammer, this 
information should be noted on the boring log. 

7.4 The raising and dropping of the 140-lb (63.5-kg) 
hammer shall be accomplished using either of the following 
two methods: 

7.4.1 By using a trip, automatic, or semi-automatic 
hammer drop system which lifts the 140-lb (63.5-kg) 
hammer and allows it to drop 30 f 1 .O in. (0.76 m f 25 mm) 
unimpeded. 

7.4.2 By using a cathead to pull a rope attached to the 
hammer. When the cathead and rope method is used the 
system and operation shall conform to the following: 

7.4.2.1 The cathead shall be essentially free of rust, oil, or 
grease and have a diameter in the range of 6 to 10 in. (1 50 to 
250 mm). 

7.4.2.2 The cathead should be operated at a minimum 
speed of rotation of 100 RPM, or the approximate speed of 

. rotation shall be reported on the boring log. 
; 7.4.2.3 No more than 2% rope turns on the cathead may 
1 be used during the performance of the penetration test, as 
I shown in Fig. 1. 
I NOTE &The operator should generally use either 1% or 2% rope 
t m  depending upon whether or not the rope comes off the top (1% 

, turn) or the bottom ( 2 ~ 4  turns) of the cathead. It is generally known 
: and accepted that 2% or more rope turns considerably impedes the fall 
of the hammer and should not be used to perform the test. The cathead i rope should be maintained in a relatively dry, clean, and unfrayed 
; condition. 

7-4.2.4 For each hammer blow, a 30-in. (0.76-m) lift and 
drop shall be employed by the operator. The operation of 
Pulling and throwing the rope shall be performed rhythmi- 
cally without holding the rope at the top of the stroke. 

7-5 Bring the Sampler to the surface and open. Record the 
r e n t  recovery or the length of sample recovered. Describe 
e soil samples recovered as to composition, color, mtifi- 
tion, and condition, then place one or more representative 

of the sample into sealable moisture-proof con- 
* e s  b) without ramming or distorting any apparent 

,, - - 
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stratification. seal each container to prevent evaporatior 
soil moisture. Aff i  labels to the containers bearing 
designation, boring. number, sample depth, and the b 
count per 6-in. (0.15-m)' increment. Protect the sam] 
against extreme temperature changes. If there is a soil cha 
within the sampler, make a jar for each stratum and not< 
location in the sampler barrel. 

8. Report 
8.1 Drilling information shall be recorded in the field i 

shall include the following 
8.1.1 Name and location of job, 
8.1.2 Names of crew, 
8.1.3 Type and make of drilling machine, 

8.1.5 Date and time of start and finish of boring, 
8.1.6 Boring number and location (station and cool 

8.1.7 Surface elevation, if available, 
8.1.8 Method of advancing and cleaning the boring, 
8.1.9 Method of keeping boring open, 
8.1.10 Depth of water surface and drilling depth at 1 

time of a noted loss of drilling fluid, and time and date wt 
reading or notation was made, 

2.: .L? 'A'diei miidiii~n~, 

nates, if available and applicable), 

8.1.1 1 Location of strata changes, 
8.1.12 Size of casing, depth of cased portion of boring, 
8.1.13 Equipment and method of driving sampler, 
8.1.14 Type sampler and length and inside diameter 

8.1.15 Size, type, and section length of the sampling ro1 

8.1.16 Remarks. 
8.2 Data obtained for each sample shall be recorded in 1 

8.2.1 Sample depth and, if utilized, the sample numbei 
8.2.2 Description of soil, 
8.2.3 Strata changes within sample, 
8.2.4 Sampler penetration and recovery lengths, and 
8.2.5 Number of blows per 6-in. (0.15-m) or part 

barrel (note use of liners), 

and 

field and shall include the following: 

increment. 

9. Precision and Bias 
9.1 Precision-A valid estimate of test precision has n 

been determined because it is too costly to conduct t 
necessary inter-laboratory (field) tests. Subcommitt 
D18.02 welcomes proposals to allow development of a val 
precision statement. 

9.2 Biar-l3ecause there is no reference material for tl 
test method, there can be no bias statement. 

9.3 Variations in N-values of 100 % or more have bec 
observed when using different standard penetration te 
apparatus and drillers for adjacent brings in the same x 
formation. Current opinion, based on field expenenc 
indicates that when using the same apparatus and drill€ 
N-values in the same soil can be reproduced with a coefl 
dent of variation of about 10 9%. 

9.4 The use of faulty equipment, such as an extreme 
massive or damaged anvil, a rusty cathead, a low sw 
c a ~ e a d ,  an old, oily rope, or massive or poorly lubricatc 
rope sheaves can significantly contribute to differences 
N-values obtained between operator-drill rig systems. 

' 
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9.5 The variability in N-values produced by different drill 
rigs and operators may be reduced by measuring that part of 
the hammer energy delivered into the drill rods from the 
sampler and adjusting N on the basis of comparative 
energies. A method for energy measurement and N-value 

adjustment is given in Test Method D 4633. 

10. Keywords 

barrel sampling; standard penetration test 
10.1 blow count; in-situ test; penetration resistance;'split- 
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Standard Practice for 
Thin-Walled Tube Sampling of Soils' 
This srandard is issued under the fixed w o n  D 1587; the number immediately following the designation indicates tht year of 
origbml adoption or. in the cas of d o 4  the year of ka rwkh. A number in parrntherr indicates the year of last mappmd. A 
supmcript epsilon (e) indicates a0 editorial change since the last revision or -Val. 

This praaice luu been approved for use by agencies dthe Depnnment of D d m e  and for Iisling in the DOD Index of Specgmiom and 
Si&&. 

1. scope 
1.1 This practice covers a procedure for using a thin- 

waiied metai tube to recover relamely undisturbed soil 
samples suitable for laboratory tests of structural properties. 
Thin-walled tubes used in piston, plug, or rotary-type sam- 
plers, such as the Denison or Pitcher, must comply with the 
portions of this practice which describe the thin-walled tubes 
(5.3). 

NOIT 1-This practice does not apply to hers used within the above ' 

! 
samplers. 

2. Referenced Documents 
2.1 ASTM Standarcis: 
D 2488 Practice for Description and Identification of Soils 

D 3550 practice for Ring-Lined Banre1 Sampling of So&? 
D4220 Ractices for Preserving and Transporting Soil 

(Visual-Ma~lual R o c ~ ~ u R ) ~  

samples2 

3. Summary of practice 
3.1 A relatively undisturbed sample is obtained by 

pressing a thin-walled metal tube into the in-situ soil, 
removing the soil-filled tube, and sealingihe ends to prevent 
the soil from being disturbed or losing moisture. 

4. Signifhnce and Use 
practice, or practice D 3550, is used when it is 

neceSSary to obtain a relatively undisturbed specimen Suit- 
able for laboratory tests of structural properties or other tests 
that might be influenced by soil disturbance. 

5. Apparatus 
8 5.1 Drilling Equipment-Any drilling equipment may be 

used that provides a reasonably clean hole; that does not 
' disturb the soil to be sampled; and that does not hinder the 1 penetration of the thin-wded sampler. Open borehole 

diameter and the inside diameter of driven casing or hollow 
stem auger shall not exceed 3.5 times the outside diameter of 
the thin-walled tube. 

5-2 sampkr Insertion Equipment, shall be adequate to 
Provide a relatively rapid continuous penetration force. For 

4.1 

a 

j 

hard formations it may be necessary, although not r 
mended, to drive the thin-walled tube sampler. 
5.3 ihin-w-diea ides, should be manufactun 

shown in Fig. 1. They should have an outside diamett 
to 5 in. and be made of metal having adequate strew 
use in the soil and formation intended. Tubes shall be 
and free of all surface irregularities including projectin1 
seams. 

5.3.1 Length of Tubes-See Table 1 and 6.4. 
5.3.2 Tolerances, shall be within the limits shown in 

2. 
5.3.3 Inside Clearance Ratio, should be 1 95 or as 

fied by the engineer or geologist for the soil and format 
be sampled. Generally, the inside clearance ratio used s 
increase with the increase in plasticity of the soil 
sampled. See Fig. 1 for definition of inside clearance L 

5.3.4 Corrosion Protection-Corrosion, whether hi 
vanic or chemical reaction, can damage or destroy bo1 
thin-walled tube and the sample. Severity of dam* 
function of time as well as interaction between the s 
and the tube. Thin-walled tubes should have some foi 
protective Coating. Tubes which will contain sampk 
more than 72 h shall be coated. The type of coating 
used may vary depending upon the material to be  sa^ 
Coatings may include a light coat of lubricating oil, lac  
epoxy, Teflon, and others. Type of coating must be spe 
by the engineer or geologist if storage will exceed ' 

Plating of the tubes or alternate base metals may be spe 
by the engineer or geologist. 

5.4 Sampler Head, serves to couple the thin-walled 
to the insertion equipment and, together with the thin-v 
tube, comprises the thin-walled tube sampler. The  sa^ 
head shall contain a suitable check valve and a venting 
to the outside equal to or greater than the area throug 
check valve. Attachment of the head to the tube shi 
concentric and coaxial to assure d o r m  application of 
to the tube by the sampler insertion equipment. 

6. Procedure 
6.1 Clean out the borehole to sampling elevation 

whatever method is preferred that will ensure the mater 
be sampled is not disturbed. If groundwater is encounl 
maintain the liquid level in the borehole at or above g~ - 

Rock and is the dirra rrsponsibi~~ty of Subcornminee ~ 1 8 . 0 2  on sampling and 
R*td Field fating for Soil Invatigations. 

water level during the sampling operation. 
6.2 Bottom discharge bits are not 

charge bits may be used, with caution. Jetting h u g  
open-tube sampler to clean out the borehole to Sam 

i Annu d m M  standara's, Vol04.08. center of a casing or hollow stem auger as Carefuli 

 his practice i~ u&r the jurisdinion of - Commincc D18 on soil andy side 

cumnt &tion approVed A W  17.1983. Published octokr 1983. ChiginaUy elevation is not R~~~~~ loose m a t e d  fron puMishcd as D 1587 - 58 T. hl prrviouS edition D 1587 - 74. 
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De Mounting Holes 
NOTE 1 - m  of two mounbng holes on opposte sides for2 to 3% n. sampler 
NOTE 2-Mmum of four mountmg holes spaced at 90° for samplers 4 m. and larger 
NOTE &Tube he!d wrth hsrdened SQBWS. 
NOTE 4-TwDmch oWde4amtertubes are speafied Wrth an 1- wall thckmss to amply wrth area rabo cntena accepted f0r"undisturbed samples." Users are 

advsed thatsuchtubng IS d W t o b c a t e  and can beexvemely expenslve in Smaaquan@bes. Soaeerrgage tubes aregenedyreadilyavaW3e 

Mmk Equivalents 

m. mm 
sb 6.77 
'h 12.7 
1 25.4 
2 50.8 
3% 88.9 
4 101.6 

FIG. 1 Thin-Walled Tube for Sampling 

TABLE 1 Suitable Thin-Walled Steel Sample Tubes* 
outside diameter: 

in. 
mm 

0% 
Wall thkknes: 

in. 
mm 

in. 
m 

Tube length: 

clearancerati0.m 

2 3 
50.8 76.2 

i a  16 
0.049 0.065 
1.24 1.65 

36 36 
0.91 0.91 
1 1 

5 
1 27 

11 
0.120 
3.05 

54 
1.45 
1 

*ThethreediametersreawnmendedinTabIe 1 areinc!icatedforplrposesof 
standardizatian. and are not intended to Witethat sahnplingtubes of intem~+ 
date or larger diameters are not aaep@bb. Lengths of tubes shown are 
illustrative. RoperlengthstobedetemdnedassuitedtofieJd~. 

TABLE 2 Dimensional Tolerances for Thin-Walled Tubes 
Nominal Tube Diameters from Table 1 * Tderances, in. 

2 3 5 Size Outside 
Diameter 

outside diameter +0.007 +0.010 +0.015 
-0.Ooo -0.Ooo -0.OOO 

Inside diameter +O.Ooo +O.Ooo +o.ooo 
-0.007 -0.010 -0.015 

Wall thidvless 5zo.007 M.010 i0.015 
0.015 0.020 ' 0.030 

S@WltfleSS o . m m  o . m m  o . m m  
Mity 

*Intermediate orlargardiameters should be pqmrbod. Tderances shown 
areessenbally standard commeroal manufachsag tderencss for seamless 
mechanical hrbvlg speafy odytwoof me first three tderances; mat Is, 0.0. and 
1.0.. OT O.D. and Wa!. OT 1.0. and Wall. 

possible to avoid disturbance of the material to be sampled. 

N a n  2-Roller bits art available in downward-jetting and ditrused- 
jet configurations. Downward-jetting configuration rock bits are not 
acceptable. Difhrse-jet configurations are generally acceptable. 

6.3 Place the sample tube so that its bottom rests on the 
bottom of the hole. Advance the sampler without rotation by 
a continuous relatively rapid motion. 

6.4 Determine the length of advance by the resistance and 
condition of the formation, but the length shall never exceed 
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5 to 10 diameters of the tube in sands and 10 to 15 diameters 
of the tube in clays. 
N m  3-Weight of sample, laboratory handling capab~ties, trans- 

portation problems, and commercial availability of tubes will generally 
limit maximum practical lengths to those shown in Table 1. 

6.5 When the formation is too hard for push-type inser- 
tion, the tube may be driven or Practice D3550 may be 
used. Other methods, as directed by the e n a e e r  or geologist, 
may be used. If driving methods are used, the data regarding 
weight and fall of the hammer and penetration achieved 
must be shown in the report. Additionally, that tube must be 
prominently labeled a "driven sample." 

6.6 In no case shall a length of advance be greater than the 
sample-tube length minus an allowance for the sampler head 
and a minimum of 3 in. for sludgeend cuttings. 
NOTE &The tube may be rotated to shear bottom of the sample 

after pressing is complete. 

6.7 Withdraw the sampler from the formation as carefully 
as possible in order to minimize disturbance of the sample. 

' 

7. Reparation for Shipment 
7.1 Upon removal of the tube, measure the length of 

sample in the tube. Remove the disturbed material in the 
upper end of the tube and measure the length again. seal the 
upper end of the tube. Remove at least 1 in. of material from 
the lower end of the tube. Use this material for soil 
description in accordance with Practice D 2488. Measure the 
overall sample length. Seal the lower end of the tube. 
Alternatively, after measurement, the tube may be sealed 
without removal of soil fiom the ends of the tube if so 
directed by the engineer or geologist. 
NOTE 5-field extrusion and packaging of extruded samples under 

the specific direction of a gotechnical engineer or geologist is perinitted. 
NOTE &Tubes sealed over the ends as opposed to those sealed with 

expanding packem should contain end padding in end voids in order to 
prevent drainage or movement of the sample within the tube. 

7.2 Prepare and immediately amX labels or apply mark- 
ings as necessary to identify the sample. Assure that the 



a D 1507 

markings or labels are adequate to survive transportation 
and storage. fluid used, 

8.1.8 Method of drilling, size of hole, casing, and 

8.1.9 Depth to groundwater level: date and tim 
8. Report 

. 
8.1 The appropriate information is required as follows: 
8.l. 1 Name and location of the project, 
8.1.2 Boring number and precise location on project, 
8.1.3 Surface elevation or reference to a datum, 
8.1.4 Date and time of boring-start and finish, 
8.1.5 Depth to top of sample and number of sample, 
8.1.6 Description of sampler: size, type of metal, type of 

8.1.7 Method of sampler insertion: push or drive, 
mating, 

sured, 

D 2488, 

8.1.10 Any posible current or tidal effect on waU 
8.1.11 Soil description in accordance with : 
8.1.12 Length of sampler advance, and 
8.1.13 Recovery: length of sample obtained. 

9. hecision and Bias 
9.1 This practice does not produce numerical &ti 

fore, a precision and bias statement is not applicable 

-. , m, -;- idr T-.;w xh.&.;& i&& ,.u iw;l-G ii6 v.&761i-y. &, ~~~. *-&< ib-lzs ;,i Gi,-&-&7 

with any item mentioned in this standard. Users ol this stamlard are axpressly edvised th8t determinetion of the ValMily d any such 
patent rights, and the fisk d infringemwtt ol such fig-, are entirely their om, mpW~~ibiiify. 

This srandard is subjeu to revkb ar any rim by the raylonsible technical commiftee and must be reviewsd e w y  five years and 
if not revised, either resprwoved or withdrawn. Your comnmn?~ are invited &her for revision ol this standard or for edditional standards 
and shoukl be addressed to ASTM Headqwters. Your ocmmems will nrceive careful ctmidmtion ar a meeting of the mpcdble 
technical Comminee, which you m y  anend. If you fee! rhar y w r  comments heve nol received a lair hearing you should make your 
views known to the ASTM CmmiUee on Standards, 1916 Race St., Philadelphk% PA 19103. known to the ASTM ccmminw on 
Standards, 1916 Ram St.. Phiiadelphia, PA 19103. 
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Designation: D 2216 - 92 I 

Standard lest Method for 
Laboratory Determination of Water (Moisture) Content of Soil 
and Rock‘ 

This standard IS lssued under the tixed deugnatlon D 2216; the number lmmdately followng the deslgnauon mdmtes the year of 
ongnal adoptlon or, 10 the case of rev1s~on. the year of last rewson. A number In parentheses ind~cates the year of last reapproval A 
superscript epsllon (e) indxats an &tonal change nnce the last reylslon or reapproval 

1. scope 
1 . 1  This test method covers the laboratory determination 

of the water (moisture) content of soil, rock, and similar 
materials by mass. For simplicity, the word “material” 
hereinafter also refers to either soil or rock, whichever is 
most applicable. 

1.2 The water content of a material is defined by this 
standard as the ratio, expressed as a percentage, of the mass 
of “pore” or “free” water in a given mass of material to the 
mass of the solid material. 

1.3 The term “solid particles” as used in geotechnical 
engineering is typically assumed to mean naturally occumng 
mineral particles of soil and rock that are not readily soluble 
in water. Therefore, the water content of materials con- 
taining extraneous matter (such as cement, and the like) may 
require special treatment or a qualified definition of water 
content. In addition, some organic materials may be decom- 
posed by oven drylng at the standard drying temperature for 
this method ( 1  10°C). Materials containing gypsum (calcium 
sulfate dihydrate or other compounds having significant 
amounts of hydrated water) may present a special problem as 
this material slowly dehydrates at the standard drying 
temperature ( 1  10°C) and at very low relative humidities, 
forming a compound (calcium sulfate hemihydrate) which is 
not normally present in natural materials except in some 
desert soils. In order to reduce the degree of dehydration of 
gypsum in those materials containing gypsum, or to reduce 
decomposition in highly organic soils, it may be deskable to 
dry these materials at 60°C or in a desiccator at room 
temperature. Thus, when a drying temperature is used which 
is different from the standard drying temperature as defined 
by this test method, the resulting water content may be 
different from standard water content determined at the 
standard drying temperature. 

NOTE I-Test Methods D 2974 provides an alternate procedure for 
determining water content of peat materials. 

1.4 Materials containing water with substantial amounts 
of soluble solids (such as salt in the case of marine sediments) 
when tested by this method will give a mass of solids which 
includes the previously soluble solids. These materials re- 
quire special treatment to remove or account for the 
Presence of precipitated solids in the dry mass of the 

I This mahod is under‘ the jurisdiction of ASTM Cornminee DI 8 OD soil and 
Rock and is the dim responsibility of Subcornminee D18.03 on Texture. 
M d t y  and Density Characterinia of Si. 

Cumat cdition approved June IS. 1992. Published Augun 1992. Originally 
pubLiShcd as D2216-63T. Last previous edition D 2216 - 90“’. 

specimen, or a qualified definition of water content must be 
used. 

1.5 This test method requires several hours for proper 
drying of the water content specimen. Test Method D 4643 
proviires for drying of the test specimen in a microwave oven 
which is a shorter process. 

1.6 This standard requires the drying of material in an. 
oven at high temperatures. If the material being dried is 
contaminated with certain chemicals, health and safety 
hazards can exist, Therefore, this standard should not be 
used in determining the water content of contaminated soils 
unless adequate health and safety precautions are taken. 

1.7 This standard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appre 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

Ruids’ 
D2974 Test Methods for Moisture, Ash, and Organic 

Matter of Peat and Other ,Organic Soils’ 
D4220 Practice for Preserving and Transporting Soil 

Samples‘ 
D 43 18 Test Method for Liquid Limit, Plastic Limit, and 

Plasticity Index of Soils’ 
D4643 Test Method for Determination of Water 

(Moisture) Content of Soil by the Microwave Oven 
Method’ 

D4753 Specification for Evaluating, Selecting, and Speci- 
fying Balances and Scales for Use in Soil and Rock 
TestingZ 

E 145 Specification for Gravity-Convection And Forced- 
Ventilation Ovens3 

3. Terminology 

of terms. 
3.1 Refer to Terminology D 653 for standard definitions 

3.2 Description of Term Specific to This Standard: 
3.2.1 water content (of a matenalbthe ratio of the mass 

of water contained in the pore spaces of soil or rock material, 
to the solid mass of particles in that material, expressed as a 
percentage. 

2 Annual Book O f A f l M  Standards, Vol04.08. 
3 Annual Book ofASTM Slandards. Vol 14.02. 
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4. Summary of Test Method 
4. I A test specimen is dried in an oven to a constant mass. 

The loss of mass due to drymg is considered to be water. The 
water content is calculated using the mass of water and the 
mas of the dry specimen. 

5. Significance and Use 
5.1 For many materials, the water content is one of the 

most significant index properties used in establishing a 
correlation between soil behavior and its properties. 

5.2 The water content of a material is used in expressing 
the phase relationships of air, water, and solids in a given 
volume of material. 

5.3 In fine-grained (cohesive) soils, the consistency of a 
given soil type depends on its water rontect. The K’atei 
content of a soil, along with its liquid and plastic limits as 
determined by Test Method D 43 18, is used to express its 
relative consistency or liquidity index. 

6. Apparatus 
6.1 Drying Oven, thermostaticallycontrolled, preferably 

of the forced& type, meeting the requirements of Speci- 
fication E 145 and capable of maintaining a uniform temper- 
ature of 110 -C 5°C throughout the drying chamber. 

6.2 Balances-All balances must meet the requirements 
of Specification D4753 and this Section. A Class GPI 
balance of 0.01g readability is required for specimens having 
a mass of up to 200 g (excluding mass of specimen con- 
tainer) and a Class GP2 balance of 0.lg readability is 
required for specimens having a mass over 200 g. 

6.3 Specimen Containers-Suitable containers made of 
material resistant to corrosion and change in mass upon 
repeated heating, cooling, exposure to materials of varying 
pH, and cleaning. Containers with close-fitting lids shall be 
used for testing specimens having a mass of less than about 
200 g; while for specimens having a mass greater than about 
200 g, containers without lids may be used. One container is 
needed for each water content determination. 

NOTE 2-The purpose of close-fitting lids is to prevent loss of 
moisture from specimens before initial mass determination and to 
prevent absorption of moisture from the atmosphere following drying 
and before final mas determination. 

6.4 Desiccator-A desiccator cabinet or large desiccator 
jar of suitable size containing silica gel or anhydrous calcium 
phosphate. It is preferable to use a desiccant which changes 
color to indicate it needs reconstitution. See Section 10.5. 

NOTE 3-Anhydrous calcium sulfate is sold under the trade name 
Drierite. 

6.5 Container Handling Apparatus, gloves, tongs, or suit- 
able holder for moving and handling hot containers after 
drying. 

6.6 Miscellaneous, knives, spatulas, scoops, quartering 
cloth, sample splitters, etc, as required. 

7. samples 
/ 

7.1 Samples shall be preserved and transported in accor- 
dance with Practice 4220 Groups B, C, or D soils. Keep the 
samples that are stored prior to testing in noncorrodible 
airtight containers at a temperature between approximately 3 
and 30°C and in an area that prevents direct contact with 

sunlight. Disturbed samples in jars or other containen 
be stored in such a way as to prevent or minimize mc 
condensation on the insides of the containers. 

7.2 The water content determination should be dc 
soon as practicable after sampling, especially if potex 
corrodible containers (such as thin-walled steel tubes, 
cans, etc.) or plastic sample bags are used. 

8. Test Specimen 
8.1 For water contents being determined in conjun 

with another ASTM method, the specimen mass re( 

no minimum specimen mass is provided in that m 
ment stated in that method shall be used if one is provi 

then the values given before shall apply. 
.,,& , u ~ u ~ l l l ~ ~ ~  ma55 of moisr materid 

representative of the total sample, if the total 
tested by this method, shall be in accordance wi 
following: 

1 p 7 7%- -.-.-..- - - - -  “.- 

Maximum panicle 
s i z e ( l 0 0 W  

passing) : 

2 mm or less 
4.75 mm 
9.5 mm 

19.0 mm 
37.5 mm 
75.0 mm 

Standard Sieve 
Sizc 

No. 10 
No. 4 
%-in. 
%-in. 
1 ‘/z in.. 
Sin. 

Recommended 
minimum mass of 

moist test spec- 
imen for water 

antent reported 
to 33.1 I 

20 g 
100 g 
500 8 
2.5 Lg 
10 ks 
so kg 

NOTE-TO be representative not less than 20 g shall be used. 

8.2.1 If the total sample is used it does not have to 
the minimum mass requirements provided in the 
above. The report shall indicate that the entire sampl 
Used. 

8.3 Using a test specimen smaller than the 
indicated in 8.2 requires discretion, though it 
adequate for the purposes of the test. Any specimen 
meeting these requirements shall be noted in the 
results. 

8.5 For those samples consisting entirely of intact 
rhe minimum specimen mass shall be 500 g 
portions of the sample may be broken into s 
depending on the sample’s size, the container a 
being used and to facilitate drying to constant mass 
Section 10.4. 

9. Test Specimen Selection 
9.1 When the test specimen is a portio 

amount of material, the specimen must be 
representative of the water condition of the en 
material. The manner in which the test specimen IS 
depends on the purpose and application of the test, 
material being tested, the water condition, and the 
sample (from another test, bag, block, and the likes.) 

9.2 For disturbed samples such as trimmings, bag 
ples, and the like, obtain the test specimen by one of 
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NOTE 7-In most cases, drying a test specimen overnight (about 12 
to 16 h) is suilicient. In cases where there is doubt concerning the 
adequacy of drying, drying should be continued until the change in mass 
after two successive periods (greater than 1 h) of drying is an insignifi- 
cant amount (less than about 0.1 5%). Specimens of sand may often be 
dried to constant mass in a period of about 4 h, when a forced& oven 
is use.d. 
NOTE 8-Since some dry materials may absorb moisture from moist 

D2216 I 
,flowing methods (listed in order of preference): 
9.2.1 If the material is such that it can be manipulated 

nd handled Without significant moisture loss, the material 
iould be mixed and then reduced to the required size by 
-ring or splitting. 
9.2.2 If the material is such that it cannot be thoroughly 

iixed and/or split, form a stockpile of the material, miXing 
s much as possible. Take at least five portions of material at 
indom locations using a sampling tube, shovel, scoop, 
.owel, or similar device appropriate to the maximum 
article size present in the material. Combine all the portions 
)r the test specimen. 
9.2.3 Ifthe material or conditions are such that a stockpile 

annot be formed, take as many portions of the material as 
ossible at random locations that will best represent the 
noisture condition. Combine all the portions for the test 
pecimen. 
9.3 Intact samples such as block, tube, split barrel, and the 

ike, obtain the test specimen by one of the following 
nethods depending on the purpose and potential use of the 
ample. 

9.3.1 Carefully trim at least 3 mm of material from the 
uter surface of the sample to see if material is layered and to 
emove material that is drier or wetter than the main portion 
,f the sample. Then carefully trim at least 5 mm, or a 
hickness equal to the maximum particle size present, from 
he entire exposed surface or from the interval being tested. 

9.3.2 Slice the sample in half. If material is layered see 
W o n  9.3.3. Then carefully trim at least 5 mm, or a 
hickness equal to the maximum particle size present, from 
he exposed surface of one 4alf, or from the interval being 
.este!d. Avoid any material on the edges that may be wetter or 
irier than the main portion of the sample. 
NOTE 4-Migration of moisture in some cohesionlm soils may 

require that the full section be sampled. 
9.3.3 If a layered material (or more than one material type 

is encountered), select an average specimen, or individual 
specimens, or both. Specimens must be properly identified as 
to location, or what they represent, and appropriate remarks 
entered on data sheets. 

10. Procedure 
10.1 Determine and record the mass of the clean and dry 

specimen container (and its lid, if used). 
10.2 Select representative test specimens in accordance 

with Section 9. 
10.3 Place the moist test specimen in the container and, if 

used, set the lid securely in position. Determine the mas of 
the container and moist material using a balance (See 6.2) 
selected on the basis of the specimen mass. Record this 
value. 

~JOI-E 5-To prevent mixing of specimens and yielding of incorrect 
&% all containers, and lids if used, should be numbered and the 
container numbers shall be recorded on the labratory data sheets. The 
lid numbers should match the container numbers to eliminate confu- 
sion. 

NOTE &TO assist in the ovendying of hrge test specimens, they 
h d d  be Placad in containers having a large surface area (=& pans) 
and the material broken up into smaller aggregations. 

10.4 Remove the lid (if used) and place the container with 
moist material in the drying oven. ~ r y  the material to a 

11. calculation 

lows: 
' 11.1 Calculate the water content of the material as fol- 

- 
M W  

Ms 
w = [(M,, - M,)/(M, - M,)] x loo = - x loo 

where: 
W = water content, %, 
M, = m a s  of container and wet specimen, g, 
Ma = m a s  of container and oven dry specimen, g, 
M, = mass of container, g, 
Mw = mass of water (M, = M, - M&), g, and 
Ms = m a s  of solid particles (M, = Mck - M,), g. 

12. Report 
12.1 The report (data sheet) shall include the following 
12.1.1 Identification of the sample (material) being tested, 

such as boring number, sample number, test number, 
container number etc. 

12.1.2 Water content of the specimen to the nearest 1 95 
or 0.1 %, as appropriate based on the minimum sample 
used. If this method is used in concert with another method, 
the water content of the specimen should be reported to the 
value required by the test method for which the water 
content is being determined. 

12.1.3 Indicate if test specimen had a mass less than the 
minimum indicated in 8.2. 
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12.1.4 Indicate if test specimen contained more than one 

12.1.5 Indicate the method of drying if different from 

12.1.6 Indicate if any material (size and amount) was 

Therefore, results of two properly conducted tests 

considered suspect unless they differ by more tk 
percent of their mean. 

13.2.2 Muhilaboratory Precision-The multilab 
coefficient of variation has been found to k 5.0 1 
Therefore, results of two properly conducted tests 
ferent operators using different equipment should 
considered suspect unless they differ by more th; 
perant oftheir m a .  

14. Keywords 13.2 Statements on Precision: 
13.2.1 Single-Operator Precision--The singleaperator 14.1 consistency; index property; laboratory; I 

analysis; moisture content; soil aggregate; water con' 

ovendrying at 110 f 5°C. 

excluded from the test specimen. 

13. Precision and Bias 
13.1 Statement on Bias-There is no accepted reference 

value for this test method, therefore, bias cannot be deter- 
mined. 

coefficient of variation has been found to be 2.7 percent. 

The American Society for Testing and Materials take3 no position rsspeding the validhy of any patent rights assefled in connection 
with any item m i o n e d  in this standard. Users of this standard m e  expsSrly advised that determination ot the Mllidily of any such 
petent rights, and the risk of infringement of such rights, are entirely their own responSibilily. 

This standwd is subjecf to revision at any time by the rssponsiMe technicel committee and must be r w M  every fiie yeen and 
if not revised, either reapprwed or withdrawn. Ywr comments are invited either for revision of this standard 01 for additimal standards 
and should be addressed to ASTM Headqmem. Your comments will receive careful coIIsidBI&lion at a meeting of the rasponsibkt 
technical m r n h e .  which you may attend. I! yar feel that your comments have no! received a fair hearing you should make yan 
views known to the ASTM Canmiltee on Standards, 1916 Race St., Philadelphia, PA 19103. 
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Designation: D 2217 - 85 

Standard Practice for 
Wet Preparation of Soil Samples for Particle-Size Analysis 
and Determination of Soil Constants' 

This standard is issued under the fixed designation D 22 17; the number immediately following the designation indicates the year of 
original adoption or. in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (e) indicates an editorial change since the last revision or reapproval. . 
This practice has been approvedfor use by agencies of rhe Depanmenr ofDefen.re and for lisring in rhe DoD Index ofSpecllicarions and 
Standards. 

. Scope 
1.1 This practice covers the wet preparation of soil 

amples as received from the field for particle-size analysis 
nd determination of soil constants. 

1.2 Procedure A provides for drying the field sample at a 
emperature not exceeding 140°F (60"C), making a wet 
eparation on the No. 10 (2.00-mm) sieve, or No. 40 
425-pm) sieve, or both, as needed, and finally drying at a 
emperature not exceeding 140°F. Procedure B provides that 
he sample shall be kept at a moisture content equal to or 
reater than the natural water content. The procedure to be 
ised should be indicated in the specification for the material 
being tested. If no procedure is specified, the provisions of 
'rocedure B shall govern. 

1.3 This standard may involve hazardous materials, oper- 
rtions, and equipment. This standard does not purport to 
rddress all of the safety problems associated with its use. It is 
he responsibility of whoever uses this standard to consult and 
stablish appropriate safety and health practices and deter- 
nine the applicability of regulatory limitations prior to use. 

!. Referenced Documents 
2.1 ASTM Standards: 
D421 Practice for Dry Preparation of Soil Samples for 

Particle-Size Analysis and Determination of Soil Con- 
stants2 

D 422 Method for Particle-Size Analysis of Soils' 
E 11 Specification for Wire-Cloth Sieves for Testing 

) 

P U ~ ~ O S ~ S ~  

1. Significance and Use 
3.1 Procedure A is used to prepare soil samples for 

3lasticity tests and particle-size analysis when the coarse- 
*ned particles of a sample are soft and pulverize readily, as 
n Practice D 42 1, or when the fine particles are very 
:ohesive and tend to resist removal from the coarse particles. 

3.2 Some soils never dry out in nature and may change 
:heir characteristics greatly when dried. If the true natural 
Fadation and plasticity characteristics of such soils are 

' This practice is under the jurisdiction of ASTM Committee D 18 on Soil and 
hock and is the direct responsibility of Subcommittee D18.03 on Texture, 
?lastici:y, and Density Characteristics of Soils. 

Current edition approved July 26, 1985. Published September 1985. Onginally 
xiblished as D 2217 - 63 T. Last previous edition D 2217 - 66 (1978)". 

Annual Book of ASTM Srandards, Vol04.08. ' Annual Book ojASTM Smndnrds, Vol 14.02. 

desired, these soils should be shipped to the laboratory in 
sealed containers and processed in accordance with Proce- 
dure B of this practice. 

3.3 Liquid limit and plkicity index values derived from 
samples containing their natural moisture are usually, but 
not always, equal to or higher than values derived from 
similar samples of the dried soil. In the case of fine-grained 
organic soil, there is a radical drop in plasticity due to oven 
drying. 

4. Apparatus 
4.1 Balance, sensitive to 0.1 g. 
4.2 Mortar and Rubber-Covered Pestle, suitable for 

breaking up the aggregations of soil particles. 
4.3 Sieves, No. 10 (2.00-mm) and No. 40. (425-pm), of 

square mesh woven-wire cloth, conforming to Specification 
E 11. 

4.4 Sampler-A rime sampler or sample splitter for 
quartering the samples. 

4.5 Dryitzg Apparatus-Thermostatically controlled 
drying oven for use at 140°F (60°C) or below and at 230°F 
( 1 1 OT), infrared lamps; air drier; or other suitable device for 
drying samples. 

4.6 Filter Funnels or Candles-Buchner funnels 10 in. 
(254 mm) in diameter and filter paper or filter candles. 

4.7 Miscellaneous Equipment-Pans 12 in. (304.8 mm) in 
diameter and 3 in. (76.2 mm) in depth; a suitable container 
that will prevent loss of moisture during storage of the moist 
test sample prepared in Procedure B. 

PROCEDURE A 

5. Sampling 
5.1 Dry the soil sample as received from the field, using 

one of the following methods: ( I )  in air at room tempera- 
ture, (2) in a drying oven at a temperature not exceeding 
140°F (60'C), or (3) using any warming device that will not 
raise the temperature of the sample above 140°F. Break up 
thoroughly any aggregations of particles using the mortar 
and rubber-covered pestle or other suitable device (Note 1). 
Select a representative portion by the method of quartering 
or by use of the sampler. This portion must be sufficient to 
provide samples for particle-size analyses of material re- 
tained on and passing the No. 10 (2.00-mm) sieve, and to 
provide an adequate amount of material passing the No. 40 
(425-pm) sieve for the tests to determine soil constants. The 
amounts of material required to perform the individual tests 
are as follows: . ..C , . I  
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Panicle-Size Analysis of Material Retained on 

No. 10 (2.00-mm) Sieve: 
Gravelly soils, g 
Sandy soils g 
Silty or clayey soils. g 

Panicle-Si .Analysis of Material Passing No. 
10 (2.00-mm) Sieve: 

Sandy soils, g 
-Silty or clayey soils, g ' 

Liquid limit, g 
Plastic limit, g 
Centrifuge moiaure equivalent. g 
Shrinkage factors, g 
Check tens, g 

I 
Tests for Determination of Soil Constants: 

I15 
. 65 

100 
IS 
10 
30 ' 

65 

4D-D 2217 

NOTE I-When the sample contains particles of soft shale or 
sandstone or similar weak material, proper care must be exercised to 
avoid e x d v e  redudon in the size of the particles. 

6. Reparation of Test Samples 
6.1 For Particle-Size Analysis: 
6.1.1 Weigh the portion of the test sample selected for 

particle-size analysis and record as the weight of test sample 
uncorrected for hygroscopic moisture. Separate this material 
into two portions using the No. 10 (2.00-mm) sieve. Set aside 
the portion passing for later recombination with additional 
material washed from the portion retained on the No. 10 
(2.00-mm) sieve. 

6.1.2 Place the material retained on the No. 10 (2.00-mm) 
sieve in a pan, cover with water, and allow to soak until the 
particle aggregations become soft. After soaking, wash the 
material on a No. 10 (2.00-mm) sieve in the following 
manner: Place an empty No. 10 (2.00-mm) sieve on the 
bottom of a clean pan and pour the water from the soaked 
sample into the sieve. Add sufficient water to bring the level 
approximately */2 in. (12.7 mm) above the mesh of the sieve. 
Transfer the soaked material to the sieve in increments not 
exceeding 1 lb (0.45 kg), stirring each increment with the 
fingers while agitating the sieve up and down. Crumble or 
mash any lumps that have not slaked, using the thumb and 
fingers. Raise the sieve above the water in the pan and 
complete the washing operation using a small amount of 
clean water. Transfer the washed material on the sieve to a 
clean pan before placing another increment of soaked 
material on the sieve. 

6.1.3 Dry the material retained on the No. 10 (2.00-mm) 
sieve at a temperature of 230 2 9°F (1 10 f 5"C), sieve on the 
No. 10 (2.00-mm) sieve, and add the material passing the 
sieve to similar material obtained in 6.1.1. Set aside the 
material retained on the sieve for use in the particle-size 
analysis. 

6.1.4 Set aside the pan containing the washings for a 
period of several hours or until the water above the particles 
is clear. Decant, pipet, or siphon off as much of the clear 
water as possible (Note 2). Dry the soil remaining in the pan 
at a temperature not exceeding 140°F (60°C). Grind the dried 
soil in the mortar with the rubbercovered pestle or other 
suitable device, and combine with similar material obtained 
in 6.1.1. 

6.1.5 Alternatively, after all the soaked material has been 
washed, remove most of the water by filtering the wash water 
on one or more Biichner funnels fitted with filter paper or 
by using filter candles. Remove the moist soil from the filter 
paper or filter candles, combine with any sediment re- 

maining in the pan, and dry at a temperature not exc 
140°F (60°C). Grind the dried soil in the mortar 
rubbercovered pestle or other suitable device and c( 
with similar material obtained in 6.1.1. 
NOTE 2-In some instances, the wash water will not becomc 

a reasonable length of time; in this case the entire volume 
evaporated. 

6.2 For Detenninarion of Soil Constants-hoc 
accordance with 6.1, substituting a No. 40 (425-pm) s 
the No. 10 (2.00-mm) sieve. 

NOTE 3-In some areas it is possible that the cations of salt 
in the tap water may exchange with the natural cations in the 
alter significantly the values of the soil constants should tap 
used in the soaking and washing operations. Unless it is known 
cations are not present in the tap water, distilled or deminerah 
should be used. The soaking and washing operation will remov 
sairs conrained in rhe soii. '.%%en soiubic di iiic p i s i i t  iii 
wash water should be saved and evaporated, and the salts return 
soil sample. 

7. Test Samples 
7.1 Keeping each portion separate from the other 1 

mix thoroughly the portions of the soil sample pas! 
No. 10 (2.00-mm) sieve and the No. 40 (425-pm) si 
the method of quartering or by the use of the sample 
and weigh out test samples of the weights indic 
Section 5 ,  as may be needed to make the required t e  

PROCEDURE B 

8. Samples 
8.1 Samples prepared in accordance with this pr 

must be shipped from the field to the laboratory ii 
containers and must contain all their natural n: 
Samples obviously containing only particles passing 
10 (2.00-mm) sieve may be tested in the particle-size 
without first washing on the No. 10 (2.00-mm 
Samples obviously containing only particles passing 
40 (425ym) sieve may be used in the tests to detern 
constants without first washing on the No. 40 (1 
sieve. 

9. Preparation of Test Samples 
9.1 For Particle-Size Analysis: 
9.1.1 Select and weigh a representative portio1 

moist sample estimated to contain 50 g of particles 
the No. 10 (2.00-mm) sieve for silty and clayey soil, 
for sandy soil. For samples containing particles no1 
the No. 10 (2.00-mm) sieve for which a particle-size 
is required, select and weigh a representative Sam 
mated to contain the required amounts of partic 
passing and not passing the No. 10 (2.00-mm) sievc 
mine the moisture content at 230 f 9'F (1 10 f 5°C) 
auxiliary sample, for use in Method D 422. 

9.1.2 Soak the moist sample and wash on a 
(2.00-mm) sieve as described in 6.1.2. After washing 
material retained on the No. 10 (2.00-mm) sieve in 
at a temperature of 230 & 9°F (1 10 .e 5"C), weigh, ai 
for the particle-size analysis. If the volume of the wa 
and soil is too large for use in the sedimentation proc 
the test for particle-size analysis, evaporate excess 
exposure to air at rciom temperature, by heating in 
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:mperature not exceeding 230°F (1  lO'C), or by boiling. 
,dleS of the method of evaporation used, the following 
utions must be taken: (I) stir the slurry from time to 
:o prevent a dry soil ring From forming on the walls of 
raporation vessel, and (2) return the temperature of the 
le to room temperature before testing. 
For Determination of Soil Constants-Select a repre- 
ive portion of the moist sample estimated to contain 
lent particles passing the No. 40 (425-pm) sieve to 
the required tests for determination of soil constants. 
this selected portion of the moist sample and wash on 
lo. 40 (425-pm) sieve as described in 6.2 (Note 2). 
x the moisture content of the material passing the No. 
,25-pm) sieve until the mass reaches a putty-like 

consistency (such as 30 to 35 drops of the cup in the liquid 
limit test) but never below the natural moisture content. 
Reduction of moisture content may be accomplished as 
follows: by exposure to air at ordinary room temperature, by 
heating in an oven at a temperature not exceeding 230°F 
(1 l0"C), by boiling, by filtering on a Buchner funnel, or by 
use of fiter candles. During evaporation and cooling, stir the 
sample often enough to prevent overdrying of the fringes and 
soil pinnacles on the surface. Cool the heated samples to 
normal room temperature before testing. For soil samples 
containing soluble salts, use a method of water reduction 
that will not eliminate the soluble salts from the test sample. 
Protect the prepared sample in a suitable container from 
M e r  drying until aLl required tests have been performed. 

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserred in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time'by the responsible technid commirree and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this srandard or for additional standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful consideratian at a meeting of the responsible 
technical comminee, which you may anend.. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Comminee on Standards, 1916 Race St., Philadelphia, PA 19103. 
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One-Dimensional Consolidation Properties of Soils' 
. .  This standard u issued under the fixed designation D 2435; the number immediately foUouing the dcdgnation indicates the year of 

O t @ d  adoption or, in the case of revision, the year Of last d o n .  A number in parratbescs indicates the year of lan reapproval. A 
superscript epsilon (0 indicates an editorial change sncc the lan d o n  or reapproval. 

1. scow 
1.1 This test method covers procedures for determining 

b e  magnitude and rate of consolidation of soil when it is 
&ned laterally and drained axially while subjected to 
incrementally applied controlled-stress loading. Two alterna- 

1.1.1 Test Method A-This test method is performed with 
anstant load increment duration of 24 h, or multiples 

.thereof. Timedeformation readings are required on a min- 
imum of two load increments. 
1.1.2 Test Method B-Timedeformation readings are 

required on all load increments. Successive load increments 
are applied after 100 95 primary consolidation is reached, or 
at constant time increments as described in Test Method A. 

$:e ?rcTedu?res are provided 2,s €o!!ows: 

NOTE I-The determination of the rate and magnitude of consolida- 
tion of soil when it is subjected to controlled-strain loading is covered by 
fen Method D 4 186. 

1.2 This test method is most commonly performed on 
undisturbed samples of fine grained soils naturally 
sedimented in water, however, the basic test procedure is 
applicable, as well, to specimens of compacted soils and 
undisturbed samples of soils formed by other processes such 
as weathering or chemical alteration. Evaluation techniques 
specified in this test method are generally applicable to soils 
naturally sedimented in water. Tests performed on other 
soils such as compacted and residual (weathered or chemi- 
d y  altered) soils may require special evaluation techniques. 

1.3 It shall be the responsibility of the agency requesting 
this test to specify the magnitude and sequence of each load 
increment, including the location of a rebound cycle, if 
required, and, for Test Method A, the load increments for 
which timedeformation readings are desired. 

NOTE 2-Timedeformation readings are required to determine the 
time for completion of primary consolidation and for evaluating the 
coefficient of consolidation, c, Since c, varies with stress level and load 
increment (loading or udoading), the load increments with timed 
Radings must be selected with specific reference to the individual 
Project. Alternatively, the requdng agency may specify Test Method B 
wherein the timedeformation readings are taken on all load increments 

1.4 The values stated in SI units are to be regarded as the 
Standard. The values stated in inch-pound units are approx- 
imate and given for guidance only. Reporting of test results 

. ' This test method is under the jurisdiction of ASTM Committee D-18 on Soil 
and Rock and is the direct responsibility of subcommittee D18.05 on Structural 

current edition approved June 29,1990. Published November 1990. Originally 
published as D 2435 - 65T. Lan pmious edition D 2435 - 80. 

Roprtia of soil. 

in units other than SI shall not be regarded as nc 
rnance with this test method. 
1.4.1 In the engineering profession it is custom, 

tice to use, interchangeably, units representing bc 
and force, unless dynamic calculations (F = 
involved. This implicitly combines two separate si 
units, that is, the absolute system and the gravimetri 
It is scientifically undesirable to combine two 
systems within a single standard. This test method 
written using SI units; however, inch-pound conver 
given in the gravimetric system, where the poi 
represents a unit of force (weight). The use of bal 
scales recording pounds of m a s  (lbm), or the reu 
density in lb/A3 should not be regarded as nonconf 
with this test method. 

1.5 This standard does not purport to address I 
problems associated with its use. I t  is the responsibii 
user of this standard to establish appropriate sq 
health practices and determine the applicability of n 
limitations prior to use. 
2. Referenced Documents 
2.1 ASTM Standards: 
D 422 Method for Particle-Size Analysis of Soils2 
D653 Terminology Relating to Soil and Rock2 
D 854 Test Method for Specific Gravity of Soils2 
D 1587 Practice For Thin-Walled Tube Sampling 
D 22 16 Method for Laboratory Determination 

(Moisture) Content of Soil, Rock, and Soil-P 
Mixtures2 

D 2487 Classification of Soils for Engineering h i  
D 2488 Practice for Description and Identificatior 

D 3550 Practice for Ring-Lined Barrel Sampling I 

D4186 Test Method for One-Dimemionid Cons 
Propexties of Soils Using Controlled-Strain Loa 

D4220 Practice for Preserving and Transport 
Sample2 

D 43 18 Test Method for Liquid Limit, Plastic Li 
Plasticity Index of Soils2 

D4452 Methods for X-Ray Radiography of Soil $ 
D4546 Test Methods for One-Dimensional : 

(Visual-Manual Proced~re)~ 

Settlement Potential of Cohesive Soils3 
3. Terminology 
3.1 Definitions--The definitions of terms used in 

method shall be in accordance with Terminology D 
~~ ~~ 

Annual Book of ASTM Stan&r&, Vol04.08. 
Annual Book 0fAST.U Stan&r&, Vols 04.08 and 08.04. 
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FIG. 1 Consolidation Test Summary 

#. Summary of Test Method 
4.1 In this test method a soil specimen is restrained 

aterally and loaded axially with total stress increments. Each 
tress increment is maintained until excess pore water 
tressures are completely dissipated. During the consolidation 
trocess, measurements are made of change in the specimen 
\eight and these data are used to determine the relationship 
etween the effective stress and void ratio or strain, and the 
ate at which consolidation can occur by evaluating the 
:oefficient of consolidation. 

i. Significance and Use 
5.1 The data from the consolidation test are used to 

stimate the magnitude and rate of both differential and total 
ettlement of a structure or earthfidl. Estimates of this type 
ue of key importance in the design of engineered structures 
md the evaluation of their performance. 

5.2 The test results can be greatly affected by sample 
listurbance. Careful selection and preparation of test speci- 
Dens is required to minimize disturbance. 

5.3 Consolidation test results are dependent upon the 
magnitude of the load increments. Traditionally, the load is 
loubled for each, increment resulting in a load-increment 
ratio of I. For undisturbed samples, this load procedure has 
provided data from which estimates of the preconsolidation 
pressure also referred to as the maximum past pressure, using 
established evaluation techniques, compare directly with 
field measurement. Other load schedules may be used to 
model particular field conditions or meet special require- 
ments. For example, it may be desirable to inundate and 
load the specimen in accordance with the wetting or loading 
Pattern expected in the field in order to best simulate the 
response. Smaller than standard load increment ratios may 
be desirable for soils that are highly sensitive or whose 
response is highly dependent on strain rate. The test method 
S p e c i f i d  to estimate the preconsolidation pressure provides a 
simple technique to verify that one set of time readings are 
taken after the preconsoliciation pressure. Several other 

3 14 

evaluation techniques exist and may yield different estimates 
of the preconsolidation pressure. Therefore, the requesting 
agency may specify an alternate technique to estimate the 
preconsolidation pressure. 

5.4 Consolidation test results are dependent upon the 
duration of each load increment. Traditionally, the load 
duration is the same for each increment and equal to 24 h. 
For some soils, the rate of consolidation is such that 
complete consolidation (dissipation of excess pore pressure) 
wil l  require more than 24 h. The apparatus in general use 
does not have provisions for formal verification of pore 
pressure dissipation. It is neceSSary to use an interpretation 
technique which indirectly determines that consolidation is 
complete. This test method specifies two techniques, how- 
ever the requesting agency may specify an alternative tech- 
nique and still be in conformance with this test method. 

5.5 The apparatus in general use for t h i s  test method does 
not have provisions for verification of saturation. Most 
undisturbed samples taken from below the water table will be 
saturated. However, the time rate of deformation is very 
sensitive to degree of saturation and caution must be 
exercised regarding estimates for duration of settlements 
when partially saturated conditions prevail. The extent to 
which partial saturation influences the test results may be a 
part of the test evaluation and may include application of 
theoretical models other than conventional consolidation 
theory. Alternatively, the test may be performed using an 
apparatus equipped to saturate the specimen. 

5.6 This test method uses conventional consolidation 
theory based on Terzaghi’s consolidation equation to com- 
pute the coefficient of consolidation, c,. The analysis is based 
upon the following assumptions: 

5.6.1 The soil is saturated and has homogeneous proper- 
ties; 

5.6.2 The flow of pore water is in the vertical direction; 
5.6.3 The compressibility of soil particles and pore water 

is negligible compared to the compressibility of the soil 
skeleton; 

! 
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5.6.4 The stress-stmin relationship is linear over the load 

5.6.5 The ratio of soil permeability to soil compressibility 

5.6.6 Darcy's law for flow through porous media applies. 

increment; 

is constant over the load increment; and 

6. Apparatus 
6.1 Load Device-A suitable device for applying vertical 

loads or total stresses) to the specimen. The device should be 
capable of maintaining specified loads for long periods of 
time with an accuracy of f 0.5 5% of the applied load and 
should permit quick application of a given load increment 
without significant impact. 

NIXE 3 - b d  application generally should be completed in a time 
corresponding to 0.01 it,,,, or less. For soils where primary consolidation 
is completed in 3 min, load appiication snouia be i e s  than i s. 

6.2 Consolidometer-A device to hold the specimen in a 
ring that is either fixed to the base or floating (supported by 
friction on periphery of specimen) with porous disks on each 
face of the specimen. The inside diameter of the ring shall be 
determined to a tolerance of 0.075 mm (0.003 in.). The 
consolidometer shall also provide a means of submerging the 
specimen, for transmitting the concentric vertical load to the 
porous disks, and for measuring the change in height of 
specimen. 

6.2.1 Minimum Specimen Diameter--The minimum 
specimen diameter shall be 50 mm (2.00 in.). 

6.2.2 Minimum Specimen Height-The minimum initial 
specimen height shall be 12 mm (0.5 in.), but shall be not less 
than ten times the uiaximum particle diameter. 

NOTE &If large particles are found in the specimen after testing, 
include in the report this visual observation or the results of a particle 
size analysis in accordance with Method D 422 (except the minimum 
sample size requirement shall be waived). 

6.2.3 Minimum Specimen Diameter-teHeight Ratio- 
The minimum specimen diameter-to-height ratio shall be 
2.5. 
NOTE 5-The use of greater diameter-t+height ratios is recom- 

mended. To minimize the effects of friction between the sides of the 
specimen and ring, a diameter-teheight ratio greater than four is 
preferable. 

6.2.4 Specimen Ring RigiditpThe rigidity of the ring 
shall be such that, under hydrostatic stress conditions in the 
specimen, the change in diameter of the ring will not exceed 
0.03 96 of the diameter under the greatest load applied. 

6.2.5 Specimen Ring Material-The ring shall be made of 
a material that is noncorrosive in relation to the soil tested. 
The inner surface shall be highly polished or shall be coated 
with a low-friction material. Silicone grease or molybdenum 
disulfide is recommended; polytetrafluoroethylene is recom- 
mended for nonsandy soils. 

6.3 Porous Disks-The porous disks shall be of silicon 
carbide, aluminum oxide, or similar noncorrosive matend. 
The grade of the disks shall be fine enough to prevent 
intrusion of soil into the pores. If necessary, a filter paper (see 
Note 6) may be used to prevent intrusion of the soil into the 
disk, however, the permeability of the disks, and filter 

paper, if used, must be at least one order of magni 
than that of the specimen. 
NOTE 6-Whatman No. 54 filter paper has been fo 

requirements for permeability and durability. 
6.3.1 Diameter-The diameter of the top disk 

to 0.5 mm (0.01 to 0.02 in.) less than the inside 
the ring. If a floating ring is used, the bottom did 
the same diameter as the top disk. 

NOTE 7-The use of tapered disks is recommended. u 
diameter in contact with the soil. 

6.3.2 Thickness-Thickness of the disks shall I: 
to prevent breaking. The top disk shall be loada 
corrosion-resistant plate of sufficient rigidity 
breakage of the disk. 

6.3.3 Maintenance-The disks shall be clea 
from cracks, chps, and nonuniformities. New p 
should be boiled for at least 10 minutes and left i 
to cool to ambient temperature before use. Imma 
each use, clean the porous disks with a nonabr 
and boil to remove clay particles that may II 
permeability. It is recommended that porous disl 
in a jar with deaired water between tests. 

6.4 Specimen Trimming Device-A trimmin 
or a cylindrical cutting ring may be used for tn 
sample down to the inside diameter of the con 
ring with a minimum of disturbance. A cutter 
same inside diameter as the specimen ring shall 
be integral with the specimen ring. The cutter 6 
sharp edge, a highly polished surface and be co 
low-friction material. Alternatively, a turntable ( 
lathe may be used. The cutting tool must be prop 
to form a specimen of the same diameter as that 

6.5 Deformation Indicator-To measure cha  
imen height, with a readability of 0.0025 mm (0 

6.6 Miscellaneous Equipmenl-Including tin 
with 1 s readability, distilled or demineralized 
ulas, knives, and wire saws, used in preparing th 

6.7 Balances, in accordance with Method D 2 
6.8 Drying Oven, in accordance with Method 
6.9 Water Content Containers, in accorc: 

Method D 2216. 
6.10 Environment-Tests shall be performed 

ronment where temperature fluctuaGons are less 
(.c 7°F) and there is no direct exposure to sunlig 

7. Calibration 
7.1 The measured vertical deformations m 

rected for apparatus flexibility whenever the 
correction determined in 7.4 exceeds 5 ?6 of th 
deformation and in all tests where filter paper d i ~  

7.2 Assemble the consolidometer with a cop 
steel disk of approximately the same height 
specimen and 1 mm (0.04 in.) smaller in d i m e  
ring, in place of the sample. Moisten the porc 
filter papers are to be used (see 6.3), they 
moistened and suScient time (a minimum 
allowed for the moisture to be squeezed from t 
each increment of the calibration process. ' 
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7.3 Load and unload the consolidometer as in the test and 
neasure the deformation for each load applied. When filter 
iapers are used it is imperative that calibration be performed 
ollowing the exact loading and unloading schedule to be 
I&. This is due to the inelastic deformation characteristics 
if filter paper. Recalibration for tests without filter paper 
ieed be done only on an annual basis, or after replacement 
nd reassembly of apparatus components. 
7.4 At each load applied, plot or tabulate the corrections 

3 be applied to the measured deformation of the test 
pecimen. Note that the metal disk will deform also; how- 
very the correction due to this deformation will be negligible 
3r all but extremely stiff soils. If necessary, the compression 
f the metal disk can be computed and applied to the 
orrections. 

. Sampling 
8.1 Practices D 1587 and D 3550 cover procedures and 

pparatus that may be used to obtain undisturbed samples 
enerally satisfactory for testing. Specimens may also be 
immed from large undisturbed block samples fabricated 
nd sealed in the field. Finally, remolded specimens may be 
repared from bulk samples to density and moisture condi- 
ons stipulated by the agency requesting the test. 
8.2 Undisturbed samples destined for testing in accord- 

nce with this test method shall be preserved, handled, and 
ansported in accordance with the practices for Group C 
nd D samples in Practices D4220. Bulk samples for 
:molded specimens should be handled and transported in 
ccordance with the practice for Group B samples. 
8.3 Storage-Storage of sealed samples should be such 

iat no moisture is lost during storage, that is, no evidence of 
artial drymg of the ends of the samples or shrinkage. Time 
f storage should be minimized, particularly when the soil or 
iil moisture is expected to react with the sample tubes. 
8.4 The quality of consolidation test results diminishes 

reatly with sample disturbance. It should be recognized that 
o sampling procedure can ensure completely undisturbed 
imples. Therefore, carefbl examination of the sample is 
ssential in selection of specimens for testing. 
NOTE 8-Examination for sample disturbance, stones, or other 

dusions, and selection of specimen location is greatly facilitated by 
.ray radiography of the samples (see Methods D 4452). 

. Specimen Preparation 
9.1 All possible precautions should be taken to minimize 

isturbance of the soil or changes in moisture and density 
unng specimen prepamtion. Avoid vibration, distortion, 
nd compression. 
9.2 Prepare test specimens in an environment where soil 

loisture change during preparation is minimized. 
NOTE 9-A high humidity environment is usually used for this 

U r p o S e .  

9.3 Trim the specimen and insert it into the consolidation 
Ing. When specimens come from undisturbed soil collected 
sing sample tubes, the inside diameter of the tube shall be at 
'm 5 mm (0.25 in.) greater than the inside diameter of the 
onsolidation ring, except as noted in 9.4 and 9.5. It is 
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recommended that either a trimming turntable or cylindrical 
cutting ring be used to cut the soil to the proper diameter. 
When using a trimping turntable, make a complete perim- 
eter cut, reducing the specimen diameter to the inside 
diameter of the consolidation ring. Carefully insert the 
specimen into the consolidation ring, by the width of the cut, 
with a minimum of force. Repeat until the specimen 
protrudes from the bottom of the ring. When using a 
cylindrical cutting ring, trim the soil to a gentle taper in front 
of the cutting edge. After the taper is formed, advance the 
cutter a small distance to form the final diameter. Repeat the 
process until the specimen protrudes from the ring. 

9.4 Fibrous soils, such as peat, and those soils that are 
easily damaged by trimming, may be transferred directly 
from the sampling tube to the ring, provided that the ring has 
the same diameter as the sample tube. 

9.5 Specimens obtained using a ring-lined sampler may be 
used without prior trimming, provided they comply with the 
requirements of Practice D 3550 and this test method. 

9.6 Trim the specimen flush with the plane ends of the 
ring. The specimen may be recessed slightly below the top of 
the ring, to facilitate centering of the top stone, by partial 
extrusion and trimming of the bottom surface. For soft to 
medium soils, a wire saw should be used for trimming the 
top and bottom of the specimen to minimize smearing. A 
straightedge with a sharp cutting edge may be used for the 
final trim after the excess soil has first beem removed with a 
wire saw. For stiff soils, a sharpened straightedge alone may 
be used for trimming the top and bottom. If a small particle 
is encountered in any surface being trimmed, it should be 
removed and the resulting void filled with soil from the 
trimmings. 

.NOTE IO-If, at any stage of the test, the specimen swells beyond its 
initial height, the requirement of lateral restraint of the soil dictates the 
use of a recessed specimen or the use of a specimen ring equipped with 
axi extension collar of the Same inner diameter as the specimen ring. At 
no time should the specimen extend beyond the specimen ring or 
extension collar. 

9.7 Determine the initial wet mass of the specimen, MT,, 
in the consolidation ring by measuring the mass of the ring 
with specimen and subtracting the tare mass of the ring. 

9.8 Determine the initial height, H, of the specimen to 
the nearest 0.025 mm (0.001 in.) by taking the average of at 
least four evenly spaced measurements over the top and 
bottom surfaces of the specimen using a dial comparator or 
other suitable measuring device. 

9.9 Compute the initial volume, V,  of the specimen to 
the nearest 0.25 cm3 (0.015 in.3) from the diameter of the 
ring and the initial specimen height. 

9.10 Obtain two or three natural water content determi- 
nations of the soil in accordance with Method D 22 16 from 
material trimmed adjacent to the test specimen if sufficient 
material is available. 

9.1 1 When index properties are specified by the re- 
questing agency, store the remaining trimmings taken from 
around the specimen and determined to be similar material 
in a sealed container for determination as described in 
Section 10. 

,) 4 . I .  . .  , 
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10. Sod Index Property Determinations 
10.1 The determination of index properties is an, impor- 

tant adjunct to but not a requirement of the consolidation 
test. These determinations when specified by the requesting 
agency should be made on the most representative material 
possible. When testing uniform materials, all index tests may 
be performed on adjacent trimmings collected in 9.1 1. When 
samples are heterogeneous or trimmings are in short supply, 
index tests should be performed on material From the test 
specimen as obtained in 1 1.6, plus representative trimmings 
collected in 9.1 1. 

10.2 Specijic GruvitpThe specific gravity shall be deter- 
*,zed ic zccordance with Test Method D 854 on material 
fiom’ the sample as specified in 10. I. The speciiic graviiy 
fiom another sample judged to be similar to that of the test 
specimen may be used for calculation in 12.2.5 whenever an 
accurate void ratio is not needed. 

10.3 Atterberg Limits--The liquid limit, plastic limit and 
plasticity index shall be determined in accordance with Test 
Method D 43 18 using material from the sample as specified 
in 10.1. Determination of the Atterberg limits are necessary 
for proper material classification but are not a requirement 
of this test method. 

10.4 Particle Size Distribution-The particle size distribu- 
tion shall be determined in accordance with Method D 422 
(except the minimum sample size requirement shall be 
waived) on a portion of the test specimen as obtained in 
11.6. A particle size analysis may be helpful when visual 
inspedon indicates that the specimen contains a substantial 
fraction of coarse grained material but is not a requirement 
of this test method. 

11. Procedure 
1 1.1 Preparation of the porous disks and other apparatus 

will depend on the specimen being tested. The 
consolidometer must be assembled in such a manner as to 
prevent a change in water content of the specimen. Dry 
porous disks and filters must be used with dry, highly 
expansive soils and may be used for all other soils. Damp 
disks may be used for partially saturated soils. Saturated 
disks may be used when the specimen is saturated and 
known to have a low affinity for water. Assemble the ring 
with specimen, porous disks, filter disks (when needed) and 
consolidometer. If the specimen will not be inundated 
shortly after application of the seating load (see 1 1.2), enclose 
the consolidometer in a loose fitting plastic or rubber 
membrane to prevent change in specimen volume due to 
evaporation. 

NOTE I 1-In order to meet the stated objectives of this test method, 
the specimen must not be allowed to swell in excess of its initial height 
Prior to being loaded beyond its preconsolidation pressure. Detailed 
Procedures for the determination of onedimensional well or settlement 
Potential of cohesive soils is covered by Test Method D 4546. 

11.2 Place the consolidometer in the loading device and 
apply a seating pressure of 5 kPa (100 Ibf/ft2). Immediately 
after application of the seating load, adjust the deformation 

indicator and record the initial zero reading, d, If neca 
add additional load to keep the specimen from 
Conversely, if it is anticipated that a load of 5 kpa 
lbf/ft2) will cause significant consolidation of the speci 
reduce the seating pressure to 2 or 3 kPa (about 50 lbf/f 
less. 

11.3 If the test is performed on an intact specimen 
was either saturated under field conditions or obtained 1 
the water table, inundate shortly after application c 
seating load. As inundation and specimen wetting < 
increase the load as required to prevent swelling. Recoi 
load required to prevent swelling and the resulting defi 
tion reading. If specimen inundation is to be delay 
simulate specific conditions, then inundation must occi 
pressure that is sufficiently large to prevelii s&l. !E 

cases, apply the required load and inundate the spec 
Take time deformation readings during the inunc 
period as specified in 11.5. In such cases, note in tl 
report the pressure at inundation and the resulting cl 
in height. 

11.4 The specimen is to be subjected to increme 
constant total stress. The duration of each incremen 
conform to guidelines specified in 11.5. The specific 1 
schedule will depend on the purpose of the test, but 
conform to the following guidelines. If the slope and SI 
a virgin compression curve or determination 1 

preconsolidation pressure is required, the final pressu 
be equal to or greater than four times the preconsol 
pressure. In the case of overconsolidated clays, a 
evaluation of recompression parameters may be obta 
imposing an unload-reload cycle after the preconsol 
pressure has been defined. Details regarding locati 
extent of an unload-reload cycle is the option of the 
requesting the test (see 1.3), however, unloading shall 
span at least two decrements of pressure. 

11.4.1 The standard loading schedule shall cons 
load increment ratio (LIR) of one which is obta 
doubling the pressure on the soil to obtain vs 
approximately 12,25,50, 100,200, etc. @a (250, 50 
2000, 4oO0, etc. lbf/ft2). 

11.4.2 The standard rebound or unloading ! 
should be selected by halving the pressure on the soil 
use the same increments of 11.4.1, but in revers 
However, if‘ des* each sucoessive load can 
one-fourth as large as the preceding load, that is 
decrement. 

11.4.3 An alternative loading, unloading, or I 
schedule may be employed that reproduces the con 
stress changes or obtains better definition of some p 
stress deformation (compression) curve, or aids 
preting the field behavior of the soil. 
NOTE 12-Small increments may be desirable on highly 

ible specimens or when it is desirable to determine the preco 
pressure with more precision. It should be cautioned, howeve 
increment ratios less than 0.7 and load increments very c 
preconsolidation pressure may predude evaluation for the cc 
consolidation, c,, and the end-of-primary consolidation as c 
Section 12. 

* >  * . 
317 



4 

D2435 

1 1.5 Before each pressure increment is applied, record the 
eight or change in height, d', of the specimen. Two 
ternative procedures are available that specify the time 
quence of readings and the required minimum load 
uration. Longer durations are often required during specific 
lad increments to define the slope of the characteristic 
raight line secondary compression portion of the deforma- 
an versus log of time graph. For such increments, sufficient 
adings should be taken near the end of the pressure 
crement to define this straight line portion. It is not 
xessary to increase the duration of other pressure incre- 
ents during the test. 
1 1.5.1 Tesf Method A-The standard load increment 
mtion shall be 24 h. For at least two load increments, 
cluding at least one load increment after the 
econsolidation pressure has been exceeded, record the 
bight or change in height, d, at time intervals of approxi- 
ately 0.1,0.25,0.5, 1,2,4,8, 15 and 30 min, and 1,2,4,8 
id 24 h (or 0.09,0.25,0.49, 1, 4, 9 min etc. in using 12.3.2 
present timedeformation data), measured from the time 
each incremental pressure application. Take sufficient 

adings near the end of the pressure increment period to 
rify that primary consolidation is completed. For some 
ils, a period of more than 24 h may be required to reach 
e end-of-primary consolidation (as determined in 12.3.1.1 
12.3.2.3). In such cases, load increment durations greater 

an 24 h are required. The load increment duration for 
:se tests is usually taken at some multiple of 24 h and 
ould be the standard duration for all load increments of 
2 test. The decision to use a time interval greater than 24 h 
usually based on experience with particular types of soils. 
however, there is a question as to whether a 24 h period is 
equate, a record of height or change in height with time 
auld be made for the initial load increments in order to 
nfy the adequacy 'of a 24 h period. Load increment 
rations other than 24 h shall be noted in the report. For 
s u r e  increments where time versus deformation data are 
t required, leave the load on the specimen for the same 
tgth of time as when time versus deformation readings are 
:en. 
11.5.2 Test Method B-For each increment, record the 
ight or change in height, d, at time intervals of approxi- 
itelyO.l, 0.25,0.5, 1,2,4,8, 15,30 min, and 1,2,4,8 and 
h (or 0.09, 0.25,0.49, 1, 4, 9, min, etc. if using 12.3.2 to 
:sent time deformation data), measured from the time of 
:h incremental pressure application. The standard load 
:rement duration shall exceed the time required for 
mpletion of primary consolidation as determined by 
-3.1.1, 12.3.2.3 or a criterion set by the requesting agency. 
r each increment where it is impossible to verify the end of 
mW' consolidation (for example, low LIR or rapid 
Isolihtion), the load increment duration shall be constant 
ii exceed the time required for primary consolidation of an 
:rement applied after the preconsolidation pressure and 
'ng the virpjn compression curve. W e r e  secondary com- 
=ion must be evaluated, apply pressures for longer 
iodS. The report shall contain the load increment dura- 
n for each increment. 

NOTE 13-The suggested time in& for recording height or 
change in height are for typical soils and load increments It is often 
desirable to change the reading frequency to improve interpretation of 
the data. More rapid cdnsolidation will require more frequent readings 
For most soils, primary consolidation during the first load-decrements 
will be complete in less time (typically one-tenth) than would be 
required for a load increment along the virgin compression curve, 
however, at very low stresses the rebound time can be longer. 

11.6 To minimize swell during disassembly, rebound the 
specimen back to the seating load (5  Wa). Once height 
changes have ceased (usually overnight), dismantle quickly 
after releasing the final small load on the specimen. Remove 
the specimen and the ring from the consolidometer and wipe 
any free water from the ring and specimen. Determine the 
mass of the specimen in the ring and subtract the tare mass 
of the ring to obtain the final wet specimen mass, MT, . The 
most accurate determination of the specimen dry mass and 
water content is found by drying the entire specimen at the 
end of the test. If the soil sample is homogeneous and 
sufficient trimmings are available for the specified index 
testing (see 9.1 l), then determine the final water content, wf ,  
in accordance with Method D 22 16 and dry mass of solids, 
h f d ,  using the entire specimen. If the soil is heterogeneous or 
more material is required for the specified index testing, then 
determine the final water content, w/, , in accordance with 
Method D 22 16 using a small wedge shaped section of the 
specimen. The remaining undried material should be used 
for the specified index testing. 
12. Calculation 

12.1 Calculations as shown are based on the use of SI 
units. Other units are permissible, provided the appropriate 
conversion factors are used to maintain consistency of units 
throughout the calculations. See 1.4.1 for additional com- 
ments on the use of inch-pound units. 

12.2 Specimen Properties: 
12.2.1 Obtain the dry mass of the total specimen, Md , by 

direct measurement or for the case where part of the 
specimen is used for index testing, calculate the dry mass as 
follows: 

where: 
M,-, = moist mass of total specimen aftex test, g or Mg, and 
w/, =water content (decimal form) wedge of specimen 

12.2.2 Calculate the initial and f d  water content, in 
percent, as follows: 

taken after test. 

MTo - Md initial water content: w,, = 
Md 

M T f - M d x  final water content: wr= 
' Md 

where: 
Md = dry mass of specimen, g or Mg, and 
MT, = moist mass of specimen before test, g or Mg. 

follows: 
12.2.3 Calculate the initial dry density of ,the specimen as 
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FIG. 2 Time-De4ormation Curve From Log of Time Method 

where: 
pd = dry density of specimen, g/cm3 or Mum3, and 
V, = initial volume of specimen, cm3 or m3. 

follows: 
12.2.4 Calculate the dry unit weight of the specimen as 

Y d  = 9.8 x pd in w / m 3  
y d =  62.43 x p a  ill lbf/A3 

12.2.5 Compute the volume of solids as follows: 
M 
GPW 

v, = A 

where: 
G = specific gravity of the solids, and 
p,,, = density of water, 1.0 &/an3 or Mum3 

12.2.6 Since the cross-sectional area of the specimen is 
constant throughout the test., it is convenient for subsequent 
calculations to introduce the term ‘equivalent height of 
solids,” defined as follows: 

V H , = A  A 

where: 
A = specimen area, cm2 or m2. 

12.2.7 Calculate void ratio before and after test as follows: 

ff, - ff, 
Hs 

void ratio before test: e, = 

H f -  H, 
HS 

void ratio afier test: e/ = 

where: 
H, = initial specimen height, cm or m, and 
H’ = final specimen height, cm or m. 

before and after test as follows: 
12.2.8 Calculate the degree of saturation, in 

M T , - M d  initial degree of saturation: so = 
AP@, - H,) 

.- . -. 
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menu of load where timedeformation readings are 
two alternative procedures (see 12.3.1 or 12.3.2) arc 
to present the data, determine the end-of-primary 4 

tion and compute the rate of consolidation. Altt 
the requesting agency may specify a method of its c 
sti l l  be in conformance with this test method. The 
tion readings may be presented as measured del 
deformation corrected for apparatus compressibili 
verted to strain (see 12.4). 

12.3.1 Referring to Fig. 2, plot the deformatiol 
d, versus the log of time (normally in minutes 
increment of load. 

12.3.1.1 First draw a straight line through 
representing the final readings which exhibit a sl 
trend and c~nstant  slope (C).4 Draw a second sl 
tangent to the steepest part of the deformation-log 
@). The intersection represents the deformation 
time, tlm corresponding to 100% primary co 
(E). Compression in excess of the above estimi 
primary consolidation is defined as secondary co 

12.3.1.2 Find the deformation representing 0 
consolidation by selecting any two points that t 
ratio of 1 to 4. The deformation at the larger of th 
should be greater than 114, but less than */z c 
deformation for the load increment The deform< 
sponding to 0 %  primary consolidation is ea 
deformation at tbe smaller time, less the di 
deformation for the two selected times. 

12.3.1.3 The deformation, d,, correspondh 
primary consolidation is equal to the average oft 
tions corresponding to the 0 and 100 ?% deforu 
time, t,& required for 50% consolidation ma 
graphically fiom the deformation-log time CI. 
serving the time that corresponds to 50 % of 
consolidation on the curve. 

12.3.2 Refemng to Fig. 3, plot the deformati 
d, versus the square root of time (normally in 
each increment of load. 

The boldface numbers in parcnthescs refa to a list of refem 
the 
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12.3.2.1 First draw a straight line through the points 
:presenting the initial readings that exhibit a straight line 
.end. Extrapolate the line back to t = 0 and obtain the 
eformation ordinate representing 0 7% primary consolida- 
on. 
12.3.2.2 Draw a second straight line xhrough the 0 % 

rdinate so that the abscissa of this line is 1.15 times the 
bscissa of the first straight line through the data. The 
itersection of this second line with the deformation-square 
mt of time curve is the deformation, dm and time, t, 
orresponding to 90 % primary consolidation. 

12.3.2.3 The deformation at 100 % consolidation is ‘/9 

lore than the difference in deformation between 0 and 90 % 
onsolidation. The time of primary consolidation, t,, may 
e taken at the intersection of the deformation-square root of 
me curve and this deformation ordinate. The deformation, 

corresponding to 50% consolidation is equal to the 
eformation at 519 of the difference between 0 and 9 0 %  
onsolidation. 
12.3.3 Compute the coefficient of consolidation for each 

icrement of load using the following equation and values 
ppropnate to the chosen method of interpretation: 

c, = T&,o 
I 

!here: 
= a dimensionless time factor: 

for method 12.3.1 use 50 5% consolidation with T 
= Tso = 0.197, 

= TW = 0.848, 
for method 12.3.2 u ~ e  90 % consolidation with T 
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t =time corresponding to the particular degree of 
consolidation, s or min; 

for method 12.3.1 use t = tSO, 
for method 12.3.2 use t = tw, and 

HD,o = length of the drainage path at 50 % consolidation, 
cm or m 
for double-sided drainage HD,, is half the specimen 
height at the appropriate increment and for one- 
sided drainage HDso is the full specimen height. 

12.4 Load-Deformation Properties: 
12.4.1 Tabulate the deformation or change in deforma- 

tion, d,, readings corresponding to the end of each incre- 
ment and, if using Test Method B, corresponding to the 
endsf-primary consolidation, dim. 

12.4.2 Calculate the change in height, MI = d - d, 
relative to the initial specimen height for each reading. If 
necessary, correct the deformation for the apparatus flexi- 
bility by subtracting the calibration value obtained in Section 
9 from each reading. 

12.4.3 Represent the deformation results in one of the 
following formats. 

12.4.3.1 Calculate the void ratio as follows: 

12.4.3.2 Alternatively, calculate the vertical strain, in 
percent, as follows: 

e = %  100 
HO 

12.4.4 Calculate the vertical stress as follows: 
P 

u, = - 
A 

where: 
P = applied load in N 
Q, = vertical stress in kPa. 

12.4.5 Refemng to Fig. 4, plot the deformation results 
(void ratio or strain) corresponding to the end of each 
increment and, if using Test Method B, corresponding to the 
endsf-primary consolidation versus the logarithm of the 
pressure. 
NOTE 14-In some cases, it may be preferable to present the 

loaddeformation curve in arithmetic scale. 

12.4.6 Refemng to Fig. 4, determine the value of the 
preconsolidation pressure using the following procedure. 
NOTE 15-Any other recognized method of estimating 

preconsolidation pressure (see references) may also be used, provided 
the method is identified in the report. 

12.4.6.1 Estimate the point of maximum curvature on the 
consolidation curve (B). 

12.4.6.2 Draw the tangent to the consolidation curve at 
this point (C), and a horizontal line through the point @), 
both extended towards increasing values on the abscissa. 

12.4.6.3 Draw the line bisecting the angle between these 
lines (E). 

12.4.6.4 Extend the tangent to the steep, linear portion of 
the consolidation curve (virgin compression branch) (F) 
upwards to intersection with the bisector line (E). The 
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FIG. 4 Evaluation for Reconsolidation Pressure From 
Casagrande Method 

pressure (G) (abscissa) corresponding to this point of inter- 
section is the estimated preconsolidation pressure. 

12.4.7 Complete evaluation often includes consideration 
of information not generally available to the laboratory 
performing the test. For this reason hrther evaluation of the 
test is not mandatory. Many recognized methods of evalua- 
tion are described in the literature.. Some of these are 
discussed in the Refs. (1) through (8). 

13. Report 
13.1 In addition to project name and location, boring 

number, sample number, and depth, report the following 
information. 

13.1.1 Description and classification of the soil in accord- 
ance with Practice D2488 or Test Method D2487 when 
Atterberg limit data are available. Specific gravity of solids, 
Atterberg limits and grain size distribution shall also be 
reported when available plus the source of such information 
if other than measurements obtained on test specimen. Also 
note occurrence and approximate size of isolated large 
particles. 

13.1.2 Soil Condition: 
13.1.2.1 Average water content of trimmings, 
13.1.2.2 Initial and final water content of specimen, 
13.1.2.3 Initial and final dry unit weight of specimen, 
13.1.2.4 Initial and final void ratio of specimen, 

W 
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FIG. 5 Example of Consolidation Test Summary P 

13.1.2.5 Initial and final degree of saturation of si 

13.1.2.6 Preconsolidation pressure. 
1 3.1 .3 Test Procedure: 
13.1.3.1 Preparation procedure used relative to tl 

state whether the specimen was trimmed using a 1 
turntable, trimmed using a cutting shoe, or tested d 
a ring from a ring lined sampler. 

13.1.3.2 Condition of test (natural moisture or in 
pressure at inundation). 

13.1.3.3 Method of testing (A or B). 
13.1.3.4 Test Method used to compute coeff 

consolidation. 
13.1.3.5 Listing of loading increments and dec 

and load increment duration, if differing from 24 
increment deformation results and, for Test MI 
endaf-primary deformation results and coefficient ( 
idation (see Fig. 1). 

13.1.3.6 All departures from the procedure out 
cluding special loading sequences. 

13.1.4 Graphical Presentations: 
13.1.4.1 Graph of deformation versus log time (s 

or square root of time (see Fig. 3) for those load in 
where time rate readings were taken. 

13.1.4.2 Graph of void ratio versus log of pressi 
or percent compression versus log of pressure curve 
4). 

13.1.4.3 In cases where time rate of deformation 
have been taken for several load increments, prepar 
of the log of coefficient of consolidation versus ave 
ratio or average percent compression for the respec 
increments (see Fig. 5).  Alternatively, a graph of c 
of consolidation or log of coefficient of consolidatii 
log of average pressure may be used. If time rate 
were obtained for only two load increments, simplj 
the values of c, versus the average pressure for the ir 

NOTE 16-The average pressure between two load inc 
chosen because it is a convenient coordinate for plotting 
Unless the rate of pore pressure dissipation is measured, it is I 
to determine the actual e f f d v e  pressure at the time of 50 9% 
tion. Furthermore, some ambiguity may arise in cases where 
been carried through one or more intermediate load-rebouni 

and 
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1. Precision and Bias 
14. I Statement of Precision-Due to the nature of the soil 

laterials tested by this test method it is either not feasible or 
)o costly at this time to produce multiple specimens which 
ave uniform physical properties. Any v h t i o n  observed in 
le data is just as likely to be due to specimen variation as to 
perator or laboratory testing variation. Subcommittee 
11 8.05 welcomes proposals that would allow for develop 
lent of a valid precision statement. 

14.2 Statement of Bias-There is no acceptable reference 
value for this test method, therefore, bias cannot be deter- 
mined. 

15. Keywords 
15.1 Compressibility; compression curves; consolidation; 

consolidation coefficient; consolidation test; consolidometer, 
preconsolidation pressure; primary consolidation; rebound; 
secondary compression; settlement; swelling. 
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(fib Designation: D 2487 - 92 

Standard 
Classification of Soils for Engineering Purposes ' 

(Unified Soil Classification System)' 

This standard is issued under the fixed designation D 2487: the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last rehion. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (t) indicates an editorial change since the last revision or reapproval. 

This srandard has been approved for use by agencies of rhe Depanmenr of Definse. Consuh the DOD index of Specixcaiions and 
Standards for rhe speci/;c year of issue which has been adopted by rhe Depanmenr of Defense. 

1. scope 
i. i i n i s  standard describes a sysrem for ciassifying min- 

eral and organo-mineral soils for engineering purposes based 
on laboratory determination of particle-size characteristics, 
liquid limit, and plasticity index and shall be used when 
precise classification is required. 

NOTE I-Use of this standard will result in a single classification 
group symbol and group name except when a soil contains 5 to 12 % 
fines or when the plot of the liquid limit and plasticity index values falls 
into the crosshatched area of the plasticity chart. in these two cases, a 
dual symbol is used, for example, GP-GM, CL-ML. When the labora- 
tory test results indicate that the soil is close to another sol classification 
group, the borderline condition can be indicated with two symbols 
separated by a slash. The first symbol should be the one based on this 
standard, for example, CL/CH, GM/SM, SC/CL. Borderline symbols 
are particularly useful when the liquid limit value of clayey soils is close 
to 50. These soils can have expansive characteristics and the use of a 
borderline symbol (CL/CH, CH/CL) will alert the user of the assigned 
classifications of expansive potential. 

1.2 The group symbol portion of this sytem is based on 
laboratory tests performed on the portion of a soil sample 
passing the 3-in. (75-mm) sieve (see Specification E 11). 

1.3 As a classification system, rhis standard is limited to 
naturally occumng soils. 

NOTE 2-The group names and symbols u+ in'& test method 
may be used as a descriptive system applied to such materials as shale, 
claystone, shells, crushed rock, etc. See Appendix X2. 

1.4 This standard is for qualitative application only. 
NOTE 3-When quantitative information is required for detailed 

designs of important structures, this test method must be supplemented 
by laboratory tests or other quantitative data to determine performance 
characteristics under expected field conditions. 

1.5 This standard is the ASTM version of the Unified Soil 
Classification System. The basis for the classification scheme 
is the Airfield Classification System developed by A. 
Casagrande in the early 1 9 4 0 ' ~ ~  It became known as the 
Unified Soil Classification System when several U.S. Gov- 
ernment Agencies adopted a modified version of the Airfield 
System in 1952. 

1.6 This standard does not purport to address all of the 

This standard is under the jurisdiction of ASTM Committee D-18 on Soil and 
Rock and is the direct responsibility of Subcommittee D18.07 on ldentification 
and Classification of Soils. 

Current edition approved May 15. 1992. Published July 1992. Originally 
published as D 2487 - 66 T. Last previous edition D 2487 - 90". 

2Casagrande. A., 'Classification and ldentification of So&," Transaaions, 
*CE, 1948, p. 901. 

safety problems, if any, associated with its use. It i 

priate safety and health practices and determine the ap, 
bility of regulatory limitations prior to use. 

I rornnnrihilit:, CVp"..'."...' -?/!he i!ze.r qf z ! ~ . d ~ . r J  !c ezwn_hjjzh 

2. Referenced Documents 
2.1 ASTM Standards: 
C 1 17 Test Method for Materials Finer Than 75ym 

200) Sieve in Mineral Aggregates by Washing3 
C 136 Method for Sieve Analysis of Fine and C 

Aggregates3 
C 702 Practice for Reducing Field Samples of Am 

to Testing Size3 
D420 Guide for Investigating and Sampling Soi 

Rock4 
D421 Practice for Dry Preparation of Soil Sampl 

Particle-Size Analysis and Determination of Soil 
stants4 

D 422 Test Method for Particle-Size Analysis of Soj 
D653 Terminology Relating to Soil, Rock, and 

tained Fluids4 
D 1140 Test Method for Amount of Material in 

Finer than the No. 200 (75-pm) Sieve4 
D 22 16 Test Method for Laboratory Determinati 

Water (Moisture) Content of Soil and Rock4 
D2217 Practice for Wet Preparation of Soil Samp' 

Particle-Size Analysis and Determination of Soil 
stants4 

D 2488 Practice for Description and Identification a 
(Visual-Manual Procedurer 

D4083 Practice for Description of Frozen Soils (7 
Manual Proced~re)~ 

D4318 Test Method for Liquid Limit, Plastic Limi 
Plasticity Index of Soils4 

D 4427 Classification of Peat Samples by LaboratoF 
in$ 

E 11 Specification for Wire-Cloth Sieves for Testin 
poses3 

3. Terminology 

in accordance with Terminology D 653. ' 
3.1 Definitions-Except as listed below, all definitic 

Ann& Book of ASTM Srandardr, Vol04.02. 
Annual Book of ASTM Srandardr. Vol04.08. 
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KE &For particles retained on a 3-in. (75-mm) U.S. standard 
the following definitions are suggested. 

Ibbles-particles of rock that will pass a 12-in. (3Wmm) square 
mug and be retained on a 3-in. (75-mm) U.S. standard sieve, and 
idden-particles of rock that will not pass a 12in. (300-mm) 
t opening 

1.1 gravel-particles of rock that will pass a 3-in. 
mm) sieve and be retained on a No. 4 (4.75-mm) U.S. 
dard sieve with the following subdivisions: 
oarse-passes 341-1. (75-mm) sieve and retained on 314-h  

ine-passes 3/4-in. (19-mm) sieve and retained on No. 4 

.1.2 sand-particles of rock that will pass a No. 4 
5-mm) sieve and be retained on a No. 200 (75-pm) U.S. 
ldard sieve with the following subdivisions: 
'oarse-passes No. 4 (4.75-mm) sieve and retained on 

dedium-passes No. 10 (2.00-mm) sieve and retained on 

Tine-passes No. 40 (425-pm) sieve and retained on No. 

.1.3 clay-soil passing a No. 200 (75-pm) U.S. standard 
re that can be made to exhibit plasticity (putty-like prop- 
es) within a range of water contents and that exhibits 
isidemble strength when air dry. For classification, a clay 
i fine-grained soil, or the fine-grained portion of a soil, 
h a plasticity index equal to or greater than 4, and the plot 
plasticity index versus liquid limit falls on or above the 

5.1.4 silt-soil passing a No. 200 (75-pm) U.S. standard 
ve that is nonplastic or very'slightly plastic and that 
libits little or no strength when air dry. For classification, 
,ilt is a fine-grained soil, or the fine-grained portion of a 
1, with a plasticity index less than 4 or if the plot of 
sticity index versus liquid limit falls below the "A" line. 
3.1.5 organic clay-a clay With sufficient organic content 
influence the soil properties. For classification, an organic 
ty is a soil that would be classified as a clay except that its 
,uid limit value after oven drying is less than 75 !% of its 
luid limit value before oven drying. 
3.1.6 organic silt-a silt with sufficient organic content to 
fluence the soil properties. For classification, an organic silt 
a soil that would be classified as a silt except that its liquid 
nit value after oven drying is less than 75 96 of its liquid 
nit value before oven drying. 
3.1.7 peat-a soil composed of vegetable tissue in various 
ages of decomposition usually with an organic odor, a 
uk-brown to black color, a spongy consistency, and a 
xture ranging from fibrous to amorphous. 
3.2 Descriptions of Terms Specific to This Standard: I_ 

3.2. I coeflcient ofcurvature, Cc-the ratio (D3o)'/(Dlo X 
160)~ where D60, D30, and Dlo are the particle diameters 
mesponding to 60, 30, and 10 7% finer on the cumulative 
article-size distribution curve, respectively. 
3.2.2 coefficient of uniformity, Cu-the ratio DM/Dl0, 

rhere Dm and D,o are the particle diameters corresponding 
3 60 and 10 !% finer on the cumulative particle-size distri- 
lution curve, respectively. 

(1 9-mm) sieve, and 

(4.75-mm) sieve. 

No. 10 (2.00-mm) sieve, 

No. 40 (425-pm) sieve, and 

200 (75-pm) sieve. 

line. 

4. Summary 
4.1 As illustrated in Table 1, this classification system iden- 

tifies three major soil divisions: coarse-grained soils, fine- 
grained soils, and highly organic soils. These three divisions 
are further subdivided into a total of 15 basic soil groups. 

4.2 Based on the results of visual observations and pre- 
scribed laboratory tests, a soil is catalogued according to the 
basic soil groups, assigned a group symbol(s) and name, and 
thereby classified. The flow charts, Fig. 1 for fine-grained 
soils, and Fig. 2 for coarse-grained soils, can be used to assign 
the appropriate group symbol(s) and name. 

. 

. 

5. Significance and Use 
5.1 This standard classifies soils from any geographic 

location into categories representing the results of prescribed 
laboratory tests to determine the particle-size characteristics, 
the liquid limit, and the plasticity index. 

5.2 The assigning of a group name and symbol(s) along 
with the descriptive information required in Practice D 2488 
can be used to describe a soil to aid in the evaluation of its 
significant properties for engineering use. 

5.3 The various groupings of this classification system 
have been devised to correlate in a general way with the 
engineering behavior of soils. This standard provides a useful 
first step in any field or laboratory investigation for 
geotechnical engineering purposes. 

5.4 This standard may also be used as an aid in training 
personnel in the use of Practice D 2488. 

5.5 This standard may be used in combination with 
Practice D 4083 when working with frozen soils. I 

6. Apparatus 
6.1 In addition to the apparatus that may be required for 

obtaining and preparing the samples and conducting the 
prescribed laboratory tests, a plasticity chart, similar to Fig. 
3, and a cumulative particle-size distribution curve, similar 
to Fig. 4, are required. 
NOTE 5-The "U" line shown on Fig. 3 has been empirically 

determined to be the approximate "upper limit" for natural soils. It is a 
good check against erroneous data, and any test results that plot above 
or to the left of it should be verified. 

7. sampling 
7.1 Samples shall be obtained and identified in accor- 

dance with a method or methods, recommended in Recom- 
mended Guide D 420 or by other accepted procedures. 

7.2 For accurate identification, the minimum amount of 
test sample required for this test method will depend on 
which of the laboratory tests need to be performed. Where 
only the particle-size analysis of the sample is required, 
specimens having the following minimum dry weights are 
required 

Maximum Particle Size, ' Minimum Specimen S i ,  
Sieve Opening Dry weight 

4.75 mm (No. 4) 
9.5 mm (Jh in.) 

19.0 mm (314 in.) 
38. I mm ( I  V z  in.) 
75.0 mm (3 in.) 

100 g (0.25 lb) 
200 g (0.5 lb) 
1.0 kg (2.2 Ib) 
8.0 kg (18 lb) 
60.0 kg (132 Ib) 

Whenever possible, the field samples should have weights 
two to four times larger than shown. 
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TABLE 1 Soil Classification Charl 

Soil Chssificatiu 
Criteria for Assigning Group Symbols and Group Names Wing Laboratory Tests" . Group 

Symbol GrowNar 
COARSEGRAINED Sol$ Gravels Clean Gravels Cu r 4 and 1 I Cc 5 sE GW Well-graded g 

GP Poorlygraded More than 50 % retained oi NO. More than 50 % Of coarse 
200 sieve fraction retained on No. 4 ' 

sieve Gravels wim Fines Fines dasSity as ML or MH GM Silty gravelF.Q 

GC Clayeygravel 

SW Well-graded s 

Sands with Fines Fines dassify as ML or MH SM Silty sandQ.'+s' 
More than " ' fines dassify as CL or'CH SC ClayeysandG 

RNEGRAINED SOILS sinsandclays inorganic PI > 7 and plots on or above 'A' lmJ CL Lean dayKLA 

200 sieve 
Organic claf 
Orsanic silt" 

Silts and Clays inorganic PI plots on or above 'A' line CH Fat dayK.LM 

PI plots below 'A' l i  MH Elastic siltKL Liquid hit 50 or more 

Less than 5 % finesc cu and,or , 3 E  

More than 12 % finesC dassity as cL or CH 

sands Clean Sands C u ~ 6 a n d l S C c S 3 ~  
50% OC moCe Of CDaPse 
traction passes No. 4 sieve Less than 5 %  Cu e 6 and/or 1 > Cc > 3E SP Pooqgradec 

ML $jiniiiV 

01 

rn -_ _-__ ___- ..- LO.. t ;-..:A ti..+ ++.I. cn a" a VI ,,N,.z -- ,,a= I.". - " B Y  .,,,.*. 9 - w  " . - I  "I PI e 4 or pots below -K linei 

Liquid limit - oven dried < o.75 
Liquid l i i t  - not dried 

Organic 

organic Liquid limit - oven dried o.75 OH OrganicdayC 
Orqanic si* Liquid limit - no! dried 

HIGHLY ORGANIC SOILS primarily organic matter, dark in color. and organic odor PT Peat 

A Based on me material passing the 3-in. (75mm) 
sieve. 

H field sample contained mbMes or boulden. or 
bom. add -with cobb(es or boulders, or both' to 
group name. 

CGravek with 5 to 12% fines require dual 
Sylllbols: 
GWGM well-graded gravel @JI silt 
GWGC wellgraded gravel with day 
GP-GM poorly graded gravel with silt 
GP-GC poorly graded gravel with day 

OSands with 5 to 12% fines require dual 
symbols: 

swsc weli-graded sand wim day 
SPSM poorty graded sand wim silt 
SP-sc poorly graded sand wim day 

SW-SM wellgraded sand with Sin 

F H  soil contains r 15 % sand; add '&th sand' to 
group name. 

If fmes classify as CL-ML. use dual symbol G G  
GM. or SCSM. 

If fines are organic, add 'with organic fines' to 
group name. 

If soil contains s 15 % gravel, add 'with gravel' 
to group name. 

If Atterberg limits plot in hatched area, soil is a 
CL-ML. silty day. 

H soil contains 15 to 29 % plus No. 200, add 
'with sand' or 'with gravel.' whichever is pre- 
dominant. 

L l f  soil contains r 30% plus No. 200, pre- 
dominantly sand, add 'sandy' to group name. 

7.3 When the liquid and plastic limit tests must also be 
performed, additional material wilI be required sufficient to 
provide 150 g to 200 g of soil finer than the No. 40 (425-pm) 
sieve. 

7.4 If the field sample or test specimen is smaller than the 
minimum recommended amount, the report shall include an 
appropriate remark. 

8. Classification of Peat 
8.1 A sample composed primarily of vegetable tissue in 

various stages of decomposition and has a fibrous to amor- 
phous texture, a dark-brown to black color, and an organic 
odor should be designated as a highly organic soil and shall 
be classified as peat, PT, and not subjected to the classifica- 
tion procedures described hereafter. 

8.2 If desired, classification of type of peat can be per- 
formed in accordance with Classification D 4427. 

9. Preparation for Classifcation 
9.1 Before a soil can be classified according to this 

standard, generally the particle-size distribution of the minus 
3411. (75-mm) material and the plasticity characteristics of 
the minus No. 40 (425-pm) sieve material must be deter- 

M l f  soil contains z 30% plus No. : 
dominantly gravel. add 'gravelly' to group n8 

N PI z 4 and plots on or above 'A' line. 
0 PI e 4 or pots M o w  'A' line. 
P PI plots on or above 'A' line. 
0 PI plots below 'A' line. 

mined. See 9.8 for the specific required tests. 
9.2 The preparation of the soil specimen(s) and thc 

for particle-size distribution and liquid limit and p 
index shall be in accordance with accepted standarc 
dures. Two procedures for preparation of the soil sp 
for testing for soil classification purposes are g 
Appendixes X3 and X4. Appendix X3 describes 
preparation method and is the preferred method for 
soils that have never dried out and for organic soils. 

9.3 When reporting soil classifications determine( 
standard, the preparation and test procedures used 
reported or referenced. 

9.4 Although the test procedure used in determi 
particle-size distribution or other considerations ma) 
a hydrometer analysis of the material, a hydrometer 
is not necessary for soil classification. 

9.5 The percentage (by dry weight) of any pl 
(75-mm) material must be determined and repi 
auxiliary information. 

9.6 The maximum particle size shall be determini 
sured or estimated) and reported as awiliary inforn 

9.7 When the cumulative particle-size disuibuti 
quired, a set of sieves shall be used which inc 
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GROUP 
SYMBOL GROUP NAME 

U O %  plus No. 2 <1S% plus No. 200 Laan clay 

% nnd <% grwel+ Laan clay with gnvel 
<15%grawl-sadv lean dw 

-215% gravel- -y le- Jay with gravel 
<15% nnd-Gmvelly lean day 

->15% nnd-Gmvefly lean clay with und 

% sand 2% gravel < 230% plus No. 200 

P1>7 and p l o o A L  
on or .bore 
"A"-lim 

<3ox plus No. 200 <15% plus No. 200 Silly clay 
=15.29% plus No. 200 % nnd 2% grml:Silly clay with und 

-% sand <% gr-1 -t silly clay with gravel 
% land 2% grave <15%grml------tSmdv silty clw ' 

<15% und-Gravelly si l ty  clay 
-215% rand-Gravelly silty clay with und 

~ > _ l S % g n w l - S m d y  si l ty  clay with grarel < 4 5 ~ 1 1 7  a d 4 L - M L  

230% plus No. 200 / 
a% plus No. 200 <15% Plus No. 200 -Silt 

-1529% plus No. 20 -%sand 2% gravel--)Silt with und 
P K 4  or p l o t s d L  % sand <% gr.rsl+Silt with gravel 

<15% gravel -Sandy silt ' 

<IS% u n d d G r a v e l l y  silt 
-215% und -Gravelly silt with rand 

-Sandy silt with gravel 
% und a g r A l  

230% plus No. 200 b e l a  "A"-lim < .L<50 

4 L - s ~  tisure l b  
LL-orendried 

LL-not  dried 
Orpanic 

<30% plus No. 200 <15% plus No. 200 Fat day 

-15.29% plus NO. 2-% und 2% grwel:Fn clay with nnd 
% nnd <% gmel+Fat day with gravel 
<IS% gravel-S.ndy fat day 
215% gravel-S.ndy fat day with grwel 
<IS% u n d d G r a v e l l y  fat day 
>IS% und-Gravelly fat clay with sand 

% und gX g m e l ~ E l a a t i c  silt with nnd 

<lSXgmvel---CSadv elastic silt 

<15% und-Gravelly elastic silt T - >15% nnd-Grarelly elatis silt with und 

T X nnd 2% gravel 
>30% PlUS~O. 200 

v - 
< 
< 

PI P~OU on OI-CH 
above "A"-lim 

- 

<30% plus No. 200 15% plus No. 200 Elastic silt 
-529% plus No. 200 

-% nnd <%gravel+EIastic h t  with gravel 
% sand 2% gravel 

% nnd <% gravel 
230% plus No. ZOO< . ->1S%gravet-- elmic  silt with gravel 

PI PIOU t ~ a 4 H  
LL250 " A ' 4 i m  

-Sea figure l b  
LL-orsndfisb 

LL-not dried 
Organic 

FIG. , la Flow'Chart forClassilying Fine-Grained Soil (50 % or More Passes No. 200 Sieve) 

owing sizes (with the largest size commensurate with the 
ximum particle size) with other sieve sizes as needed or 
uired to define the particle-size distribution: 

3-in. (75-mm) 
3/4-in.( 19.O-mm) 
No. 4 (4.75-mm) 
No. 10 (2.00-mm) 
No. 40 (425ym) 
No. 200 (75ym) 

1.8 The tests required to be performed in preparation for 
ssification are as follows: 
).8.1 For soils estimated to contain less than 5 % fines, a 
It of the cumulative particle-size distribution curve of the 
d o n  coarser than the No. 200 (75-pm) sieve is required. 
e cumulative particle-size distribution curve may be 
itted on a graph similar to that shown in Fig. 4. 
3.8.2 For soils estimated to contain 5 to 15 % fines, a 
sulative particle-size distribution curve, as dexribed in 
1.1 , is required, and the liquid limit and plasticity index are 
pired. 
J.8.2.1 If sufficient material is not available to determine 

liquid limit and plasticity index, the fines should be 
imated to be either silty or clayey using the procedures 
mibed in Practice D 2488 and so noted in the report. 
3.8.3 For soils estimated to contain 15 9% or more fines, a 
termination of the percent fines, percent sand, and percent 
we1 is required, and the liquid limit and plasticity index 
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are required. For soils estimated to contain 90 % fines or 
more, the percent fines, percent sand, and percent gravel 
may be estimated using the procedures described in Practice 
D 2488 and so noted in the report. 

10. Preliminary Classification Procedure 
10.1 Class the soil as fine-grained if 50 % or more by dry 

weight of the test specimen passes the No. 200 (75-pm) sieve 
and follow Section 11. 

10.2 Class the soil as coarse-grained if more than 50 % by 
dry weight of the test specimen is retained on the No. 200 
(75-pm) sieve and follow Section 12. 

11. Procedure for Classification of Fioe-Grained Soils (50 % 
or more by dry weight passing the No. 200 (75-pm) 
sieve) 

1 1.1 The soil is an inorganic clay if the position of the 
plasticity index versus liquid limit plot, Fig. 3, falls on or 
above the "A" line, the plasticity index is greater than 4, and 
the presence of organic matter does not influence the liquid 
limit as determined in 1 1.3.2. 
NOTE 6-The plasticity index and liquid Limit are determined on the 

minus No. 40 (425 pm) sieve material. 

11.1.1 Classify the soil as a lean clay, CL, if the liquid 
limit is less than 50. See area identified as CL on Fig. 3. 

1 1.1.2 Classify the soil as a fat clay, CH, if the liquid limit 
2 2 r 4 '  . . 
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GROUP SYMBOL GROUP N A  

<30% plus No. 200-<15% plus No. 200 Organic clay 
% sand a gravel- Organic clay with sa 
% land <% gravel- Organic clay with gr 
<15% gravel ____t Sandy organic clay 
215% gravai----.--tS.ndy organic clay I 
<15% sand -Gravelly organic dr 

-215% sand -Gravelly organic Jaq 

1529% plus No. 200 

% .and >% gravel 

% sand C% gravel 

<15% plus No. 200 
% sand 2% gravel-Organic s i l t  with san 1529% plus No. 2 0 0 1 .  - 

A% sand <% gravel-Organic silt with gra 
<15% gravel- Sandy organic silt % sand 2% gravel 

t Orhnic silt 

PI? and plots on 
or above "A"- line 

<J0% plus No. 200 

gravel - Sandy organic s i l t  w 
land-Gravelly organic silt 

215% land-Gravelly organic silt 

230% plus No. 200 

<30% plus No. 200 <15% plus No. 200 *Organic day - '% unti gravel- Organic day  with sa 
-% land <% gravel- Organic clay with gr 

% sand 2% grave1 

% rand <% gravel 

<IS% gravel- sandy organic d a y  

<IS% sand- Gravelly organic c l v  
-215% sand- Gravelly organic cb? 

230% plus No. 200 
Plots on or 

Organic s i l t  <15% plus No. 200 
% sand 2% gravel- Organic s i l t  with san 
% sand <% gravel- Organic s i l t  with gra 
0 5 %  gravel - Sandy organic silt 
215% gravel- Sandy organic s i l t  w 
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L IQUlD L I  M I  T (LL) 

FIG. 3 Plasticity Chart 

s 50 or greater. See area identified as CH on Fig. 3. 

NOTE 7-In cases where the liquid limit exceeds 110 or the plasticity 
index exceeds 60, the plasticity chart may be expanded by maintaining 
the same scale on both axes and extending the “A“ line at the indicated 

11.1.3 Classify the soil as a silty clay, CLML, if the 
position of the plasticity index versus liquid limit plot falls 
on or above the “A” line and the plasticity index is in the 
range of 4 to 7. See area identified as CL-ML on Fig. 3. 

11.2 The soil is an inorganic silt if the position of the 
plasticity index versus liquid limit plot, Fig. 3, falls below the 
“A?’ line or the plasticity index is less than 4, and presence of 
organic matter does not influence the liquid limit as deter- 
mined in 11.3.2. 

1 1.2.1 Classify the soil as a silt, ML, if the liquid limit is 
less than 50. See area identified as ML on Fig. 3. 

1 1.2.2 Classify the soil as an elastic silt, MH, if the liquid 
limit is 50 or greater. See area identified as MH on Fig. 3. 

1 1.3 The soil is an organic silt or clay if organic matter is 
present in sufficient amounts to influence the liquid limit as 
determined in 1 1.3.2. 

11.3.1 If the soil has a dark color and an organic odor 
when moist and warm, a second liquid limit test shall be 
performed on a test specimen which has been oven dried at 
110 +- 5°C to a constant weight, typically over night. 

11.3.2 The soil is an organic silt or organic clay if the 
liquid limit after oven drying is less than 75 5% of the liquid 
limit of the original specimen determined before oven drying 
(see Procedure B of Practice D 22 17). 

11.3.3 Classify the soil as an organic silt or organic clay, 
OL, if the liquid limit (not oven dried) is less than 50 %. 

slope. 
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Classify the soil as an organic silt, OL, if the plasticity index 
is less than 4, or the position of the plasticity index versus 
liquid limit plot falls below the “A” line. Classify the soil as 
an organic clay, OL, if the plasticity index is 4 or greater and 
the position of the plasticity index versus liquid limit plot 
falls on or above the “A” line. See area identified as OL (or 
CL-ML) on Fig. 3. 

11.3.4 &ssify the soil as an organic clay or organic silt, 
OH, if the liquid limit (not oven dried) is 50 or greater. 
Classify the soil as an organic silt, OH, if the position of the 
plasticity index versus liquid limit plot falls below the “A” 
line. Classify the soil as an organic clay, OH, if the position 
of the plasticity index versus liquid-limit plot falls on or 
above the “A” line. See area identified as OH .on Fig. 3. 

1 1.4 If less than 30 % but 15 % or more of the test 
specimen is retained on the No. 200 (75-pm) sieve, the words 
“with sand” or “with gravel” (whichever is predominant) 
shall be added to the group name. For example, lean clay 
with sand, CL; silt with gravel, ML. If the percent of sand is 
equal to the percent of gravel, use “with sand.” 

1 1.5 If 30 5% or more of the test specimen is retained on 
the No. 200 (75-pm) sieve, the words “sandy” or “gravelly” 
shall be added to the group name. Add the word “sandy” if 
30 5% or more of the test specimen is retained on the No. 200 
(75-pm) sieve and the coarse-grained portion is predomi- 
nantly sand. Add the word “gravelly” if 30 5% or more of the 
test specimen is retained on the No. 200 (75-pm) sieve and 
the coarse-gained portion is predominantly gravel. For 
example, sandy lean clay, CL; gravelly fat clay, CH; sandy 
silt, ML. If the percent of sand is e q d  to the percent of 
gravel, use “sandy.” 
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12. Procedure for Classification of Coarse-Grained Soh 
(more than 50 !% retained on the No. 200 (75-pm) sieve) 

12.1 Class the soil as gravel if more than 50 !% of the 
coarse fraction [plus No. 200 (75-pm) sieve] is retained on 
the No. 4 (4.75-mm) sieve. 

12.2 Class the soil as sand if 50 95 or more of the coarse 
fiaction [plus No. 200 (75-pm) sieve] passes the No. 4 
(4.75-mm) sieve. 

12.3 If 12 95 or less of the test specimen passes the No. 
200 (75-pm) sieve, plot the cumulative particle-size distribu- 
tion, Fig. 4, and compute the coefficient of uniformity, Cu, 
and coefficient of p a t u r e ,  Cc, as given in Eqs 1 and 2. 

CU = DflIo (1) 

(2) 
where: 
D,, D30, and Dao = the particle-size diameters corre- 
sponding to 10, 30, and 60 %, respectively, passing on the 
cumulative particle-size distribution curve, Fig. 4. 

SOTE 8-11 may be neceSSary to extrapolate the curve to obtain the 
D,, diameter. 

12.3.1 If less than 5 !% of the test specimen passes the No. 
200 (75-pm) sieve, classify the soil as a well-graded gravel, 
GW, or well-graded sand, SW, if Cu is grater than 4.0 for 
gravel or greater than 6.0 for sand, and Cc is at least 1.0 but 
not more than 3.0. 

12.3.2 If less than 5 9% of the test specimen passes the No. 
200 (75-pm) sieve, classify the soil as poorly graded gravel, 
GP. or poorly graded sand, SPY if either the Cu or the Cc 
criteria for well-graded soils are not satisfied. 

12.4 If more than 12 95 of the test specimen passes the 
No. 200 (75-pm) sieve, the soil shall be considered a 

CC = (DmY/(Dio X Dw) 

coarse-sned soil with fines. The fines are determint 
either clayey or silty based on the plasticity index 
liquid limit plot on Fig. 3. (See 9.8.2.1 if insufficient r 
available for testing). (See NOTE 6) 

12.4.1 Classify the soil as a clayey gravel, GC, ox 
sand, SC, if the fines are clayey, that is, the positior 
piasticity index versus liquid limit plot, Fig. 3, fall: 
above the "A" line and the plasticity index is greater 

12.4.2 Classify the soil as a silty gravel, GM, or sill 
SM, if the fines are silty, that is, the position of the pl 
index versus liquid limit plot, Fig. 3, falls below the " 
or the plasticity index is less than 4. 

12.4.3 If the fines plot as a silty clay, CL-ML, clas 
soil as a silty, clayey gravel, GC-GM, if it is a gravel 01 
clayey sand, SC-SM, if it is a sand. 

12.5 If 5 to 12 !% of the test specimen passes the P 
(75-pm) sieve, give the soil a dual classification usi 
group symbols. 

12.5.1 The first group symbol shall correspond to ' 
a gravel or sand having less than 5 5% fines (GW, G 
SP), and the second symbol shall correspond to a gr 
sand having more than 12 5% fines (GC, GM, SC, Sh 

12.5.2 The group name shall correspond to the firs 
symbol plus "with clay" or "with silt" to indic; 
plasticity characteristics of the fines. For example 
graded gravel with clay, GW-GC; poorly graded sax 
silt, SP-SM (See 9.8.2.1 if insufficient material avail2 
testing). 

NOTE 9-If the fines plot as a silly cluy, CL-ML, the sec01 
symbol should be either GC or SC. For example, a poorly grat 
with 10 9% fines, a liquid Limit of 20, and a plasticity index of 6 
classified as a poorly graded sand with silty clay, SP-SC. 



12.6 If the specimen is predominantly sand or gravel but 
contains 15 % or more of the other ‘coarse-grained constit- 
uent, the words “with gravel” or “with sand” shall be added 
to the group name. For example, poorly graded gravel with 
sand, clayey sand with gravel. 

12.7 If the field sample contained any cobbles or boulders 
or both, the words “with cobbles,” or “with cobbles and 
boulders” shall be added to the group name. For example, 
silty gravel with cobbles, GM. 

13. Report 
13.1 The report should include the group name, group 

symbol, and the results of the laboratory tests. The particle- 
size distribution shall be given in terms of percent of gravel, 
sand, and fines. The plot of the cumulative particle-size 
distribution curve shall be reported if used in classifying the 
soil. Report appropriate descriptive information according to 

the procedures in Practice D2488. A local or commercial 
name or geologic interpretation for the material may be 
added at the end of the descriptive information if identified 
as such. The test procedures used shall be referenced. 
NOTE 10-Example: Clayey Gravel with Sand and Cobbles (W)- 

46 ?4 fine to coarse, hard, subrounded gravel; 30 % fine to coarse, hard. 
subrounded sand 24 % clayey fines, LL = 38, PI = 19; weak reaction 
with HCl; original field sample had 4 7% hard, subrounded cobbles: 
maximum dimension 150 mm. 

In-Place Conditions-firm, homogeneous, dry, brown, 
Geologic Interpretation-alluvial fan. 
NOTE 1 1-Other examples of soil descriptions are given in Appendix 

x1. 

14. Keywords 
14.1 Atterberg limits; classification; clay; gradation; 

gravel; laboratory classification; organic soils; sand; silt; soil 
classification; soil tests 

APPENDIXES 

(Nonmandatory Information) 

X1. EXAMPLES OF DESCRIFTIONS USING SOIL CLAsSIFICATI0.N 

X 1.1 The following examples show how the information 
required in 13.1 can be reported. The appropriate descriptive 
information from Practice D 2488 is included for illustrative 
purposes. The additional descriptive terms that would ac- 
company the soil classification should be based on the 
intended use of the classification and the individual circum- 
stances. 

X 1.1.1 Well-Graded Gravel with Sand (G w)-73 % fine 
to coarse, hard, subangular gravel; 23 % fine to coarse, hard, 
subangular sand; 4 % fines; Cc = 2.7, Cu = 12.4. 

X1.1.2 Silty Sand with Gravel (SM)-61 % predomi- 
nantly fine sand; 23 76 silty fines, LL = 33, PI = 6; 16 % fine, 
hard, subrounded gravel; no reaction with HCI; (field sample 
smaller than recommended). In-Place Conditions-Firm, 
stratified and contains lenses of silt 1 to 2 in. thick, moist, 

brown to gray; in-place density = 106 lb/ft3 and in-place 
moisture = 9 %. 

X1.1.3 Organic Clay (0L)-100 % fines, LL (not dried) 
= 32, LL (oven dried) = 21, PI (not dried) = 10; wet, dark 
brown, organic odor, weak reaction with HCI. 

X1.1.4 Silty Sand with Organic Fines (SM)-74 9% fine to 
coarse, hard, subangular reddish sand; 26 % organic and silty 
dark-brown fines, LL (not dried) = 37, LL (oven dried) = 26. 
PI (not dried) = 6, wet, weak reaction with HC1. 

X1.1.5 Poorly Graded Gravel with Silt, Sand, Cobbles and 
Boulders (GP-GM)-78 5% fine to coarse, hard, subrounded 
to subangular gravel; 16 % fine to coarse, hard, subrounded 
to subangular sand; 6 % silty (estimated) fines; moist, brown; 
no reaction with HCI; original field sample had 7 9% hard, 
subrounded cobbles and 2 % hard, subrounded boulders 
with a maximum dimension of 18 in. 
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X2. USING SOIL CLASSIFICATION AS A DESCRIFTIVE SYSTEM FOR SHALE, CLAYSTONE, SHELLS, 
SLAG, CRUSHED ROCK, ETC. 

X2.1 The group names and symbols used in this standard 
may be used as a descriptive system applied to materials that 
exist in situ as shale, claystone, sandstone, siltstone, 
mudstone, etc., but convert to soils after field or laboratory 
processing (crushing, slaking, etc.). 

X2.2 Materials such as shells, crushed rock, slag, etc., 
should be identified as such. However, the procedures used 
in this standard for describing the particle size and plasticity 
characteristics may be used in the description of the material. 
If desired, a classification in accordance with this standard 
may be assigned to aid in describing the material. 

X2.3 If a classification is used, the group symbol(s) and 
group names should be placed in quotation marks or noted 
with some type of distinguishing symbol. See examples. 
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X2.4 Examples of how soil classifications could be incor- 
porated into a description system for materials that are not 
naturally occurring soils are as follows: 

X2.4.1 Shale Chunks-Retrieved as 2 to 4-in. pieces of 
shale from power auger hole, dry, brown, no reaction with 
HC1. After laboratory processing by slaking in water for 24 h, 
material classified as “Sandy Lean Clay (CL)”-6 1 9% clayey 
fines, LL = 37, PI = 16; 33 % fine to medium sand; 6 9% 
gravel-size pieces of shale. 

X2.4.2 Crushed Sandstone-Product of commercial 
crushing operation; “Poorly Graded Sand with Silt (SP- 
SM)”-91 % fine to medium sand; 9 7% silty (estimated) 
fines; dry, reddish-brown, strong reaction with HC1. 

X2.4.3 Broken Shells-62 9% gravel-size broken shells; 
I 

j fc 



.- 

3 1 76 sand and sand-size shell pieces; 7 5% fines; would be 
classified as “Poorly Graded Gravel with Sand (GP)”. 

from Pit No. 7; “Poorly Graded Gravel (GP)”-89 76 fine, 

hard, angular gravel-size particles; 1 1 96 coarse. hard, a 
sand-size particles, dry, tan; no reaction with HCl; Cc 

X2.4.4 Crushed Rock-Processed gravel and cobbles Cu = 0.9. 

X3. PREPARATION AND TESTING FOR CLASSIFICATION PURPOSES BY THE WET METHOD 

X3.1 This appendix describes the steps in preparing a soil 
sample for testing for purposes of soil classification using a 
wet-preparation procedure. 

X3.2 Samples prepared in accordance with this procedure 
should contain as much of their natural water content as 
possible and every effort should be made during obtaining, 
preparing, and transportating the samples to maintain the 
natural moisture. 

X3.3 The procedures to be followed in th is  standard 
assume that the field sample contains fines, sand, gravel, and 
plus 3-in. (75-mm) particles and the cumulative particle-she 
distribution plus the liquid limit and plasticity index values 
are required (see 9.8). Some of the following steps may be 
omitted when they are not applicable to the soil being tested. 

X3.4 If the soil contains plus No. 200 (75-pm) panicles 
that would degrade during dry sieving, use a test procedure 
for determining the particle-size characteristics that prevents 
this degradation. 

X3.5 Since this classification system is limited to the 
portion of a sample passing the 3-in. (75-mm) sieve, the plus 
3-in. (75-mm) material shall be removed prior to the 
determination of the particle-size characteristics and the 
liquid limit and plasticity index. 

X3.6 The portion of the field sample finer than the 3-in. 
(75-mm) sieve shall be obtained as follows: 

X3.6.1 Separate the field sample into two fractions on a 
3-in. (75-mm) sieve, being careful to maintain the natural 
water content in the minus 3-in. (75-mm) fraction. Any 
particles adhering to the plus 3-in. (75-mm) particles shall be 
brushed or wiped off and placed in the fraction passing the 
3-in. (75-mm) sieve. 

X3.6.2 Determine the air-dry or oven- weight of the 
fraction retained on the 3-in. (75-mm) sieve. Determine the 
total (wet) weight of the fraction passing the 3-in. (75-mm) 
sieve. 

X3.6.3 Thoroughly mix the fraction passing the 3-in. 
(75-mm) sieve. Determine &e water content, in accordance 
with Test Method D 22 1 6, of a representative specimen with 
a minimum dry weight as required in 7.2. Save the water- 
content specimen for determination of the particle-s& 
analysis in accordance with X3.8. 

X3.6.4 Compute the dry weight of the fraction passing the 
3-in. (75-mm) sieve based on the water content and total 
(wet) weight. Compute the total dry weight of the sample and 
calculate the percentage of material retained on the 3-in. 
(75-mm) sieve. 

X3.7 Determine the liquid limit and plasticity index as 
follows: 

X3.7.1 If the soil disaggregates readily, mix on a clean, 

hard surface and select a representative sample by qui 
in accordance with Practice C 702. 

X3.7.1.1 If the soil contains coarse-grained F 
coated with and bound together by tough clayey II 
take extreme care in obtaining a representative portio 
No. 40 (425-pm) fraction. Typically, a larger portic 
normal has to be selected, such as the minimum 

X3.7.1.2 To obtain a representative specimen of 
caIly cohesive soil, it may be advantageous to pass 
through a 3,44411. (19-mm) sieve or other convenieni 
the material can be more easily mixed and then qua 
split to obtain the representative specimen. 

X3.7.2 Process the representative specimen in acc 
with Procedure B of Practice D 22 17. 

X3.7.3 Perform-the liquid-limit test in accordai 
Test Method D 43 18, except the soil shall not be : 
prior to the test. 

X3.7.4 Perform the plastic-limit test in accorda 
Test Method D 4318, except the soil shall not be 
prior to the test, and calculate the plasticity index. 

X3.8 Determine the particle-size distribution as 
X3.8.1 If the water content of the fraction pa 

34x1. (75-mm) sieve was required (X3.6.3), use tl 
content specimen for determining the particle-size 
tion. Othepise, select a representative specimen 
dance with Practice C 702 with a minimum dry 
required in 7.2. 

X3.8.2 If the cumulative particle-size distribi 
cluding a hydrometer analysis is required, deter 
particle-size distribution in accordance with Tea 
D 422. See 9.7 for the set of required sieves. 

X3.8.3 If the cumulative particle-size distributio 
a hydrometer analysis is required, determine the pa 
distribution in accordance with Method C 136. S 
the set of required sieves. The specimen should 1 
until all clayey aggregations have softened and thc 
in accordance with Test Method C 117 prior to p 
the panicle-size distribution. 

X3.8.4 If the cumulative particle-size distribut 
required, determine the percent fines, percent 
percent gravel in the specimen in accordance 
Method C 1 17, being sure to soak the specimen lo 
to soften all clayey aggregations, followed by Met 
using a nest of sieves which shall include a No. 4 
sieve and a No. 200 (75-pm) sieve. 

X3.8.5 Calculate the percent fin&, percent 
percent gravel in the minus 3-in. (75-mm) fi 
classification purposes. 

---.-:--a . rcquucu iz 7.2. 

.. . .. , .: .’ i . .  
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AIR-DRIED METHOD OF PREPARATION OF SOILS FOR TESTING FOR CLASSIFICATION PURPOSES 

4.1 This appendix describes the steps in preparing a soil 
ple for testing for purposes of soil classification when 
lrying the soil before testing is specified or desired or 
n the natural moisture content is near that of an airdried 

.4.2 If the soil contains organic matter or mineral 
oids that are irreversibly affected by air drying, the 
-preparation method as described in Appendix X3 should 
1Sed. 
14.3 Since this classification system is limited to the 
tion of a sample passing the 3-in. (75-mm) sieve, the plus 
1. (75-mm) material shall be removed prior to the 
:rmination of the particle-size characteristics and the 
lid limit and plasticity index. 
:4.4 The portion of the field sample finer than the 34x1. 
.mm) sieve shall be obtained as follows: 
:4.4.1 Air dry and weigh the field sample. 
:4.4.2 Separate the field sample into two fmctions on a 
1. (75-mm) sieve. 
L4.4.3 Weigh the two fractions and compute the per- 
tage of the plus 3-in. (75-mm) material in the field 
iple. 

I. 

i 
X4.5 Determine the particle-size lstribution and liquid 

limit and plasticity index as follows (see 9.8 for when these 
tests are required): 

X4.5.1 Thoroughly mix the fraction passing the 3-in. 
(75-mm) sieve. 

X4.5.2 If the cumulative particle-size distribution in- 
cluding a hydrometer analysis is required, determine the 
particle-size distribution in accordance with Test Method 
D 422. See 9.7 for the set of sieves that is required. 

X4.5.3 If the cumulative particle-size distribution without 
a hydrometer analysis is required, determine the particle-size 
distribution in accordance with Test Method D 1140 fol- 
lowed by Method C 136. See 9.7 for the set of sieves that is 
required. 

X4.5.4 If the cumulative particle-size distribution is not 
required, determine the percent fines, percent sand, and 
percent gravel in the specimen in accordance with Test 
Method D 1 140 followed by Method C 136 using a nest of 
sieves which shall include a No. 4 (4.75-mm) sieve and a No. 
200 (75-pm) sieve. 

X4.5.5 If required, determine the liquid limit and the 
plasticity index of the test specimen in accordance with Test 
Method D 43 18. 

i 
/ 
1 
I 
i 

j 
1 

X5. RATIONALE 

(5.1 Significant revisions were made to the standard 
ich appeared as D 2487 - 83 from the previous version of 
!487 - 69 (1975). The changes are documented in the 
rature.5 Unified Soil Classification System. 

X5.2 The 1992 edition'differs from the previous edition 
in that the title was changed to better indicate the use of the 
standard and. identifying it as the ASTM version of the 

Howard, A.K., 'The Reviscd ASTM Standard on the Unified Soil Classifica- 
System," Geotechnical Testing Journal, GTJODJ Vol 7, No. 4, December 

1. 
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The American society for Testing and Mateials tabs no position respecting the valid@ of any palenl rights asserkd in connection 
with 8ny item menlioned in this standard. Users of this standard are expressry advised that determination 01 the validity of any such 
patent rights. end the risk of infringement of such rights, are entirely their own resmsibility. 

This standard is subject to revision at any time by the responsible technical comminee and must be reviewed every five years and 
il not revised, either reapproved or withdrawn. Your cornmems are invited either for revision of this standard or lor additional standards 
and should be 8ddresseU to ASTM HeadquanerS. Your commenls will receive careful consideration at a meeting of the responsible 
technical comminee, which you may allend. I1 you fee/ that your commenls have not received a fair hearing you should make ywr 
views known to the ASTM Cornminee on Standards, 1916 Race Sr., Philadelphia, PA 19103. 
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Designation: D 2488 - 90 

Standard Practice for 
Description and Identification of Soils (Visual-Manual 
Procedure) 
This standad is issued under the fixed designation D 2488; the number immediately following the designation indicatn the year of 
original adoption or. in the case of revision, the year of last rrvision. A number in parrntheses indicates the year of lart rrapprod A 
suparript cpsilon (0 indicates an editorial change since the last revision or reapproval. 

This stanabrd has been approved for use by agencies of the D e p a n m  of De/enre. Consult the DoD I& of Spprrfiecuions and 
SlMdardrjOr the sp~i j ic  year of issue which has been adopted by the Department of D @ .  

scope 
1.1 This practice covers procedures for the description of 
ils for engineering purposes. 
1.2 This practice also describes a procedure for identifjing 
ils, at the option of the user, based on the classification 
item described in Test Method D 2487. The identification 
based on Visual examination and manual tests. It must be 
arly stated in reporting an identification that it is based on 
;ual-manual procedures. 
1.2.1 When precise classification of soils for engineering 
rposes is required, the procedures prescribed in Test 
ethod D 2487 shall be used. 
1.2.2 In this practice, the identification portion assigning 
~ o u p  symbol and name is limited to soil particles smaller 
in 3 in. (75 mm). 
1.2.3 The identification'portion of this practice is limited 
naturally occurring soils (disturbed and undisturbed). 
VOTE 1-This practice may be used as a descriptive system applied 
such materials as shale, claystone, shells, crushed rock, etc. (See 
pendix X2). 

1.3 The descriptive information in this practice may be 
d with other soil classification systems or for materials 
ier than naturally occumng soils. 
1.4 This standard does not purport to address all of the 
'ey  problems, if any, associated with its use. It is the 
Qonsibility of the user of this standard to establish appro- 
ate saf iy  and health practices and determine the applica- 
ity of regulatory limitations prior to use. For specific 
mutionary statements see Section 8. 
1.5 The values stated in inch-pound units are to be 
wded as the standard. 

Referenced Documents 
2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

31452 Practice for Soil Investigation and Sampling by 

31586 Method for Penetration Test and Split-Barrel 

Fluids2 

Auger brings* 

Sampling of so i l s2  - 
Practice is under the jurisdiction of AS'TM Committee 18 on Soil and 

'k and Q the dirrcl rrspoaribility of Subcornmine D18.07 on Identification 
ClassifiCatidn of soils. 
h 'm edition approved June 29, 1990. Published August 1990. ChigmUy 
khed 85 D 2488 - 66 T. Laa prrvious edition D 2488 - 84". 
Annual Book of ASTM Standar&. Vol04.08. 

D 1587 Practice for Thin-Wall& Tube Sampling of Si2 
D2113 Practice for Diamond Core Drilling for Site 

D2487 Test Method for Classification of Soils for Engi- 

D4083 Practice for Description of Frozen Soils (Visual- 

Investigation2 

neering Purposes2 

Manual h o c e d ~ r e ) ~  

3. Terminology 
3.1 DeJnit ions: 
3.1.1 Except as listed below, all definitions are in accor- 

NOTE 2-For particles retained on a 3-in. (75-mm) US standard 

Cobbles-particles of rock that wil l  pass a 12411. (300-mm) square 

Boulders-particles of rock that Wiu not pass a 12-in. (300-mm) 
sq- openink 

3.1.1.2 clay-soil passing a No. 200 (75-pm) sieve that 
can be made to exhibit plasticity (putty-like properties) 
within a range of water contents, and that exhibits consider- 
able strength when airdry. For classification, a clay is a 
fine-grained soil, or the fine-grained portion of a soil, with a 
plasticity index equal to or greater than 4, and the plot of 
plasticity index versus liquid limit falls on or above the "A" 
line (see Fig. 3 of Test Method D 2487). 

3.1.1.3 gravel--Particles of rock that will pass a %in. 
(75-mm) sieve and be retained on a No. 4 (4.75-mm) sieve 
with the following subdivisions: 

coarse-passes a 3-in. (75-mm) sieve and 1s retained on a 
3L4-in. ( 19-mm) sieve. 

fine-passes a 314-h. (19-mm) sieve and is retained on a 
No. 4 (4.75-mm) sieve. 

3.1.1.4 organic day-a clay with sufficient organic con- 
tent to influence the soil properties. For classification, an 
organic clay is a soil that would be classified as a clay, except 
that its liquid limit value after oven drying is less than 75 !% 
of its liquid limit value before oven drying. 

3.1.1.5 organic silt-a silt with sufficient organic content 
to influence the soil properties. For classification, an organic 
silt is a soil that would be classified as a silt except that its 
liquid limit value after oven drying is less than 75 % of its 
liquid limit value before oven drying. 

3.1.1.6 peat-a soil composed primarily of vegetable tissue 
in various stages of decomposition usually with an organic 
odor, a dark brown to black color, a spongy consistency, and a 
texture ranging from fibrous to amorphous. 

3.1.1.7 sand-particles of rock that will pass a No. 4 

dance with Terminology D 653. 

sieve, the following definitions are suggested: 

opening and be retained on a 3-in. (75-mm) sieve, and 
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GROUP SYMBOL 

<15% plua No. 200 m Lean clay 
%sand 2% gravel - Lean dry w i  
% und <% gravel - Laan cby wi 
<15% gravel - W y  k n  c 
235% gravel - Qndy b n  e 
<15% sand - Gravelly lear F 215% und - Gravelly l e u  

.F 1525% plus No. 200 
C30% phu No. 200 

T % Und 2% Of Qr8Wl 
230% plua No. 200 

%und <%gravel 

. .  . cL< 

<30% plua No. 200 <15% plua No. 200 .)Silt 
% sand 2% gravel - Silt with urn 
% sand <% gravel -Silt with g r r  
<15% gravel - bndy uh 

<15% und - Gravelly aik - 215% sand- Gravelly ailt 

- 15.25% ptua No. 200 

% und 2% of gravel 

%rind <%gravel 
- >30% plua No. 200 

<15% plur No. 200 
1525% plua No. 200 

% und 2% of gravel 

% und <%gravel 

<15% pba No. 200 . *Elasticaih 
1525% plua No. 200 

X unr~ 2% of gravel 

%d <%gravel 

*Fat clay - Fm c1.y wit1 

<I596 warel - b n d y  fat et; 
-215% gr8Vel- W y  fat cl; 

<15% und -Grrvelly fat 
215% sand - Gravelly fat - - - - >30% plua No. 200 

% and 2% gravel - Elrrtic ult YI 

% sand <% gravel - Elrrtic ailt a 
<15% gravel- Sandy el.rti 
215% gravel - Sandy elanim 
<15% sand - Gravelly el= - - >I596 und ___e Gravelly elr 

<3(yk plur No. 200 

No~~-Percenteges,am based on estimating Bmounts of tines. Sand. and pd to the neareSt 5 %. 
FIG. l a  flow Chart for Identifying Inorganic he-Grained Soil (50 %. or more fines) 

(4.75-mm) sieve and be retained on a No. 200 (75-pm) sieve 
with the following subdivisions: 

coarse-passes a No. 4 (4.75-mm) sieve and is retained on 
a No. 10 (2.00-mm) sieve. 

medium-passes a No. 10 (2.00-mm) sieve and is retained 
on a No. 40 (425-pm) sieve. 

fine-passes a No. 40 (425-pm) sieve and is retained on a 
No. 200 (75-pm) sieve. 

3.1.1.8 silt-soil passing a No. 200 (75-pm) sieve that is 
nonplastic or very slightly plastic and that exhibits little or no 
strength when air dry. For classification, a silt is a fine- 
grained soil, or the fine-grained portion of a soil, with a 
plasticity index less than 4, or the plot of plasticity index 
versus liquid limit falls below the ‘A” line (see Fig. 3 of Test 
Method D 2487). 

GROUP SYMBOL 

4. summary of Practice 
4.1 Using visual examination and simple n 

this pxactice gives standardized criteria and pr 
describing and identifying soils. 

4.2 The soil can be given an identification b 
group symbol(s) and name. The flow charts, Fif 
for fine-grained soils, and Fig. 2, for coarse-grail 
be used to assign the appropriate group symbol( 
If the soil has properties which do not distinctly 
a specific group, borderline symbols may t 
Appendix X3. 

NOTE 3-It is suggested that a distinc!ion be madc 
symbols and borderline symbols. 

for example, GPGM, SW-SC, CLML used to indicate 1 
been identitied as having the properties of a class%catior 
with Test Method D2487 where two symbols are 
symbols are required when the soil has between 5 an( 

Dual Symbol-A dual Symbol is two ~ymbols ~eparatc 

GROU 

<3ow plua No. 200 <15% pfur No. 200 Organ@ roil 
1525% pba No. 200 

% und 2% gravel 

% ud 2% gram: O w i c  sooil t 

% sand <% gravel - Organk roil 1 

<15% gravel - sudy orwni 
215% gravel Sandy owni 
<15% und - Gravelly or@! - 215% und - Gravelly or@! 

- - >30?4 plua No. 200 

No- arebasad m estimating amamtsoffmes. sand, and gravel to the nearest 5%. 
flG. l b  Flow Chart for Identifying Organic Rnarained sdl(50 % or more a m )  
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GROUP SYMBOL GROUP NAME 

,hen the liquid limit and plasticity index values plot in the CLML area 
f the plasticity cban 

Borderline Symbol-A borderline symbol is two symbols sepanted 
y a slash, for example, CL/CH, GM/SM, CL/ML. A borderline symbol 
iould be used to indicate that the soil has been identified as having 
rowes that do not distinctly place the soil into a specific group (see 
.ppendix X3). 

. Significance and Use 
5.1 The descriptive information required in this practice 

an be used to describe a soil to aid in the evaluation of its 
igniscant properties for engineering use. 
5.2 The descriptive information required in this pradce 

hould be used to supplement the classification of a soil as 
etermined by Test Method D 2487. 
5.3 This practice may be used in identifying soils using the 

lassification group symbols and names as prescribed in Test 
dethod D 2487. Since the names and symbols used in this 
ractice to identify the soils are the same as those used in 
'est Method D 2487, it shall be clearly stated in reports and 
U other appropriate documents, that the classification 
ymbol and name are based on visual-manual procedures. 
5.4 This practice is to be used not only for identification 

f Soils in the field, but also in the office, laboratory, or 
herever soil samples are inspected and described. 

5.5 This practice has particular value in grouping similar 
3i1 samples so that only a minimum number of laboratory 
sts need be run for positive soil classification. 
NOTE &The ability to describe and identify soils correctly is learned 
101% readily under the gukhce of experienced personnel, but it may 
Is0 be acquired systematically by comparing numerical laboratory test 

results for typical soils of each type with their visual and manual 
Characteristics. 

5.6 When describing and identifying soil samples from a 
given boring, test pit, or group of brings or pits, it is not 
necessary to follow all of the procedures in this practice for 
every sample. Soils which appear to be similar can be 
grouped together, one sample completely described and 
identified with the others referred to as similar based on 
performing only a few of the descriptive and identilication 
procedures described in this practice. 

5.7 This practice may be used in combination with 
Practice D 4083 when working with frozen soils. 

6. Apparatus 
6.1 Required Apparatus: 
6.1.1 Pocket Knife or Small Spatula. 
6.2 Useful Auxiliary Apparatus: 
6.2.1 Small Test Tube and Stopper (or jar with a lid). 
6.2.2 Small Hand Lens. 

7. Reagents 
7.1 Purity of Water-Unless otherwise indicated, refer- 

ences to water shall be understood to mean water from a city 
water supply or natural source, including non-potable water. 

7.2 Hydrochloric Acid-A small bottle of dilute hydro- 
chloric acid, Ha, one part HCl(l0 N) to three parts water 
(This reagent is optional for use with this practice). See 
W o n  8. 
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8. Safety Precautions 
8.1 When preparing the dilute HCl solution of one part 

concentrated hydrochloric acid (10 N) to three parts of 
distilled water, slowly add acid into water following nec.xsuy 
safety precautions. Handle with caution and store safely. If 
solution comes into contact with the skin, rinse thoroughly 
with water. 

8.2 Caution-Do not add water to acid. 

9. sampling 
9.1 The sample shall be considered to be representative of 

the stratum from which it was obtained by an appropriate, 
accepted, or standard procedure. 

NOTE 5-Preferably, the sampling procedure should be identified as 
having been conducted in accordance with Practices D 1452, D 1587, or 
D2113, or Method D 1586. 

9.2 The sample shall be carefuuy identified as to origin. 
NOTE 6-Rem- as to the origin may take the form of a boring 

number and sample number in conjunction with a job number, a 
geologic stratum, a pedologic horizon or a location description with 
respect to a permanent monumenc a grid system or a station number 
and offset with respect to a stated centerline and a depth or elevation. 

9.3 For accurate description and identification, the min- 
imum amount of the specimen to be examined shall be in 

accordance with the following schedule: 
Maximum Panicle Size, Minimum Specimc 

Sieve Opening Dry Weight 

4.75 mm (No. 4) 
9.5 mm ('/a in.) 
19.0 mm (Y4 in.) . 
38.1 mm ( 1 VI in.) 
75.0 rnm (3 in.) 

100 g (0.5 u 
200 g (0.5 It 
1.0 kg (2.2 I 
E.Okg(18 I t  
60.0 kg(l3; 

NOTE 7-If random isolated panicla are enmuntei 
sigNficantly larger-than the particles in the soil matrix, th 
can be accurately described and identified in accordan 
preceeding schedule. 

9.4 If the field sample or specimen being el 
smaller than the minimum recommended an 
report shall include an appropriate remark. 

10. Descriptive Information for Soils 
10.1 AngularirpDexribe the angularity OJ 

(coarse sizes only), gravel, cobbles, and boulders, 
subangular, subrounded, or rounded in accordam 
criteria in Table 1 and Fig. 3. A range of angula 
stated, such as: subrounded to rounded. 

10.2 Shape-Describe the shape of the grav 
and boulders as flat, elongated, or flat and elong 
meet the criteria in Table 2 and Fig. 4. Otherv 
mention the shape. Indicate the fraction of the p 
have the shape, such as: one-third of the gravel 
flat. 

10.3 Color-Desaibe the color. Color is ai 
property in identifying organic soils, and wit 



PARTICLE SHAPE TABLE 4 Criteria for Describing the Reaction With HCI 

W=WIDTH 
T = THICKNESS 
L = LENGTH 

I 

FLAT: W / T > 3  
ELONGATED: L/W > 3  
FLAT AND ELONGATED: 

-meets both  c r i t e r i a  
FIG. 4 Criteria for Particle Shape 

TABLE 3 Criteria for Describing Moisture Condition 

Absence of moisture.. dusty. dry to the touch 
Damp but no visible water 
v i  free water, usual)vsdl is below water table 

Dry 
Moist 
Wet 

locality it may also be usell in identifying materials of 
similar geologic origin. If the sample contains layers or 
patches of varying colors, th is  shall be noted and all 
representative colors shall be described. The color shall be 
described for moist samples. If the color represents a dry 
condition, this shall be stated in the report. 

10.4 Odor-Describe the odor if organic or unusual. Soils 
containing a significant amount of organic material usually 
have a distinctive odor of decaying vegetation. This is 
especially apparent in fresh samples, but if the samples are 
dried, the odor may often be revived by heating a moistened 
sample. ifthe odor is unusual (petroleum product, chemical, 
and the like), it shall be described. 

10.5 Moisture Condition--Describe the moisture condi- 
tion as dry, moist, or wet, in accordance with the criteria in 
Table 3. 

10.6 HCl Reaction--Describe the reaction with HCl as 
none, Weak, or strong, in accordance with the critera in 
Table 4. Since calcium carbonate is a common cementing 
agent, a report of its presence on the basis of the reaction 
with dilute hydrochloric acid is important. 

TABLE 5 Criteria for Describing Consistency 

Tttumb will penetrate soil more than 1 in. (25 mm) 
Thumb will penetrate soil abwt 1 in. (25 mm) 

oesaiption criteria 
very soft 
soft 
FVm n u m b  will indent soil about V4 in. (6 IIWII) 

ThUmbMil will not indent sdl 
Hard mum wiii not indeot soil kn indented with thumboail 
very hard 

10.7 Consistency-For intact fin&grained soil, describe 
the consistency as very soft, soft, firm, hard, or very hard, in 
accordance with the criteria in Table 5. This observation is 
inappropriate for soils with significant amounts of gravel. 

10.8 Cementation-Describe the cementation of intact 
coarse-grained soils as weak, moderate, or strong, in accord- 
ance with the criteria in Table 6. 

10.9 Structure-Describe the structure of intact soils in 
accordance with the criteria in Table 7. 

10.10 Range of Particle Sizes-For gravel and sand com- 
ponents, describe the range of particle sizes within each 
component as defined in 3.1.2 and 3.1.6. For example, about 
20 % fine to coarse gravel, about 40 % fine to coarse sand. 

10.1 1 Maximum Panicle Size-Describe the maximum 
particle size found in the sample in accordance with the 
following information: 

10.11.1 Sand Size-If the maximum particle size is a 
sand size, describe as fine, medium, or coarse as defined in 
3.1.6. For example: maximum particle size, medium sand. 

10.1 1.2 Gravel Size-If the maximum particle size is a 
gravel size, describe the maximum particle size as the 
smallest sieve opening that the particle will pass. For 
example, maximum particle size, 1% in. (will pass a lY2-in. 
square opening but not a 3/4-in. square opening). 

10.1 1.3 Cobble or Boulder Size-If the maximum particle 
size is a cobble or boulder size, describe the maximum 
dimension of the largest particle. For example: maximum 
dimension, 18 in. (450 mm). 

10.12 Hardness-Describe the hardness of coarse sand 
and larger particles as hard, or state what happens when the 
particles are hit by a hammer, for example, gravel-size 
particles fracture with considerable hammer blow, some 
gravel-size particles crumble with hammer blow. "Hard" 
means particles do not crack, fracture, or crumble under a 
hammer blow. 

10.13 Additional comments shall be noted, such as the 
presence of roots or root holes, difficulty in drilling or 
augering hole, caving of trench or hole, or the presence of 
mica. 

10.14 A local or commercial name or a geologic interpre- 

TABLE 6 Criteria for Describing Cementation 
DeSaipbon criteria 
Weak 
Moderate crumbles or breakswim considerablefvlgerpressure 
Strong 

CMnbleS or break S w i m  handing ormfingerpresure 

wffl not aumbleor break wim ml3rpressue 
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tation of the so& or ‘mih, i~z; be &!& if identified as such. 
10.15 A classification or identification of the soil in 

accordance with other classification systems may be added if 
identified as such. 

11. Identification of Peat 
1 1 + 1 A sample composed primarily of vegetable tissue in 

various stages of decomposition that has a fibrous to 
amorphous texture, usually a dark brown to black color, and 
an otgank odor, shall be designated as a highly organic soil 
and shall be identified as peat, PT, and not subjected to the 
identification procedures described hereafter. 

12. Preparation for Identification 
12.1 The soil identification portion of this practice is 

based on the portion of the soil sample that will pass a 3-in. 
(75-mm) sieve. The larger than 3-in. (75-mm) particles must 
be removed, manually, for a loose sample, or mentally, for 
an intact sample before clasdfying the soil. 

12.2 Estimate and note the percentage of cobbles and the 
percentage of boulders. Performed visually, these estimates 
will be on the basis of volume percentage. 
NOTE S-Sinm the percentages of the particle-size distribution in 

Tat Method D 2487 are by dry weight, and the estimates of percentages 
for gravel, sand, and fines in this pra&ce are by dry weight, it is 
recommended that the report state that the percentages of cobbles and 
boulders are by volume. 

12.3 Ofthe Fraction of the soil smaller than 3 in. (75 mm), 
estimate and note the percentage, by dry weight, of the 
gravel, sand, and fines (see Appendix X4 for suggested 
procedures). 

NOTE 9-Since the particle-size components appear visually on the 
basis of volume, considerable experience is requirwl to estimate the 
percentages on the basis of dry weight. Frequent comparisons with 
laboratory partide-size analyses should be made. 

12.3.1 The percentages shall be estimated to the closest 
5 9%. The percentages of gravel, sand, and fines must add up 
to 100%. 

12.3.2 If one of the components is present but not in 
sufficient quantity to be considered 5 76 of the smaller than 
3-in. (75-mm) portion, indicate its presence by the term 
trace, for example, trace of fines. A trace is not to be 
considered in the total of 100 % for the components. 

13. Preliminary Identification 
13.1 The soil is fine grained if it contains 50 94 or more 

fines. Follow the procedures for identifying fine-grained soi 
ofSection 14. 

13.2 The soil is coarsegrainedifit contains less than 50 
fines. Follow the procedures for identifying coarse-grain 
soilsofSection 15. . 

14. Procedure for Identifying Fme-Grained Soils 
14.1 Select a representative sample of the material 

examination. Remove particles larger than the No. 40 si1 
(medium sand and larger) until a specimen equivalent 
about a handf’ul of material is available. Use t h i s  specin 
for performing the dry strength, dilatancy, and tau@ 
tests. 

14.2 Dry Strength: 
14.2.1 From the specimen, select enough material to II 

into a ball about 1 in. (25 mm) in diameter. Mold 
material until it bas the com&itiiq iS putty, ~d&;-ng wal 
UWXSSIly.  

14.2.2 From the molded material, make at least thm 
specimens. A test spcimen shall be a ball of material a 
1/2 in. (12 mm) in diameter. Allow the test specimens tc 
in air, or sun, or by artificial means, as long a 
temperature does not exceed 60°C. 

14.2.3 If the test specimen contains natural dry 11 

those that are about Vz in. ( 12 mm) in diameter may be 
in place of the molded balls. 

N m  IO-The process of molding and drying usually pi 
higher mngths than are found in natural dry lumps of mil. 

14.2.4 Test the strength of the dry balls or lun: 
crushing between the fingers. Note the strength as non 
medium, high, or very high in accorance with the crit 
Table 8. If natural dry lumps are used, do not use the 
of any of the lumps that are found to contain part! 
coarse sand. 

14.2.5 The presence of high-strength water-solu 
menting materials, such as calcium carbonate, ma. 
exceptionally higb dry strengths. The presence of I 

carbonate can usually be detected from the intensit 
reaction with dilute hydrochloric acid (see 10.6). 

14.3 Dilatancy: 
14.3.1 From the specimen, select enough material 

into a ball about V 2  in. (12 mm) in diameter. h 
material, adding water if necessary, until it has a soft 
sticky, consistency. 

14.3.2 Smooth the soil ball in the palm of one b 
the blade of a knife or small spatula. Shake hor 
striking the side of the hand Vigorously against 1 

hand several times. Note the reaction of water app 
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: surface of the soil. Squeeze the sample by closing the 
nd or pinching the soil between the fingers, and note the 
idon as none, slow, or rapid in accordance with the 
teria in Table 9. The reaction is the speed with which 
ter appears while shaking, and disappears while squeezhg. 
14.4 Toughness: 
14.4.1 Following the completion of the dilatancy test, the 
t specimen is shaped into an elongated pat and rolled by 
nd on a smooth surface or between the palms into a thread 
out l/S in. (3 mm) in diameter. (If the sample is too wet to 
1 easily, it should be spread into a thin layer and allowed 
lose some water by evaporation.) Fold the sample threads 
d reroll repeatedly until the thread crumbles at a diameter 
about 1/8 in. The thread will crumble at a diameter of '1s 
when the soil is near the plastic limit. Note the pressure 

luired to roll the thread near the plastic limit. Also, note 
strength of the thread. After the thread crumbles, the 

xes should be lumped together and kneaded until the 
mp crumbles. Note the toughness of the material during 
leading. 
14.4.2 Describe the toughness of the thread and lump as 
w, medium, or high in accordance with the criteria in 
ible 10. 
14.5 PlasticitpOn the basis of observations made during 
e toughness test, d&be the plasticity of the material in 
cordance with the criteria given in Table 11. 
14.6 Decide whether the soil is an inorganic or an organic 
le-grained soil (see 14.8). If inorganic, follow the steps 
ven in 14.7. 
14.7 Identification of Inorganic Fine-Grained Soils: 

TABLE 11 Cliteria for Describina Plaslkb 
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14.7.1 Identify the soil as a lean clay, CL, if the soil has 
medium to high dry strength, no or slow dilatancy, and 
medium toughness and plasticity (see Table 12). 

14.7.2 Identify the soil as a fat clay, CH, if the soil has 
high to very high dry strength, no dilatancy, and high 
toughness and plasticity (see Table 12). 

14.7.3 Identify the soil as a silt, ML, if the soil has no to 
low dry strength, slow to rapid dilatancy, and low toughness 
and plasticity, or is nonplastic (see Table 12). 

14.7.4 Identify the soil as an elastic silt, MH, ifthe soil has 
low to medium dry strength, no to slow dilatancy, and low to 
medium toughness and plasticity (see Table 12). 
NOTE 11-These properties are similar to those for a lean clay. 

However, the silt will dry quickly on the hand and have a smooth, Siucy 
feel when dry. Some soils that would classify as MH in accordance with 
the criteria in Test Method D 2487 are visually dimcult to distinguish 
from lean clays, CL. It may be necescdly to perfom laboratory testing 
for proper identification. 

14.8 Identification of Organic Fine-Grained Soils: 
14.8.1 Iden@ the soil as an organic soil, OL/OH, if the 

soil contains enough organic particles to influence the soil 
properties. Organic soils usually have a dark brown to black 
color and may have an organic odor. Often, organic soils will 
change color, for example, black to brown, when exposed to 
the air. Some organic soils will lighten in color significantly 
when air dried. Organic soils normally will not have a high 
toughness or plasticity. The thread for the toughness test will 
be spongy. 
NOTE 12-In some c a s ,  through practice and experience, it may be 

possible to further identify the organic soils as organic silts or organic 
clays, OL or OH. Correlations between the dilatancy, dry st~ngth, 
toughness tests, and laboratory tests can be made to identify organic soils 
in CeRain deposits of similar materials of known geologic origin. 

14.9 If the soil is estimated to have 15 to 25 % sand or 
gravel, or both, the words "with sand" or "with gravel" 
(whichever is more predominant) shall be added to the group 
name. For example: "lean clay with sand, CL" or "silt with 
gravel, ML" (see Figs. la and 1 b). lf the percentage of sand is 
equal to the percentage of gravel, use "with sand." 

14.10 Ifthe soil is estimated to have 30 % or more sand or 
gravel, or both, the words "sandy" or "gravelly" shall be 
added to the group name. Add the word "sandy" if there 
appears to be more sand than gravel. Add the word 
"gravelly" if there appears to be more gravel than sand. For 
example: "sandy lean clay, CL", "gravelly fat clay, CH", or 
"sandy silt, ML" (see Figs. la and lb). If the percentage of 
sand is equal to the percent of gravel, use "sandy." 

15. Procedure for Identifying C0ersd;rained Soils (Con- 

15.1 The soil is a gravel if the percentage of gravel is 
tains less than 50 % fines) 

estimated to be more than the percentage of sand. 

TABLE 12 ldenwicatkn of Inorganic FineGrained Soils trom 
Manual Tests 



15.2 The soil is a sand if the percentage of gravel is 
--timated to be equal to or less than the percentage of sand. 

15.3 The soil is a clean gravel or clean sand if the 
percentage of fines is estimated to be 5 % or less. 

15.3.1 Identify the soil as a well-graded gravel, GW, or as 
a well-graded sand, SW, if it has a wide range of particle sizes 
and substantial amounts of the intermediate particle sizes. 

15.3.2 Identify the soil as a poorly gradedgravel, GP, or as 
a poorly graded sand, SP, if it consists predominantly of one 
size (uniformly graded), or it has a wide range of sizes with 
some intermediate sizes obviously missing (gap or skip 
graded). 

15.4 The soil is either a gravel with fines or a sand with 
fines if the percentage of fines is estimated to be 15 ?% or 
more. 

15.4.1 Identify the soil as a dayey gravei, K, or a ihyejj 
sand, SC, if the fines are clayey as determined by the 
procedures in Section 14. 

15.4.2 Identify the soil as a silty gravel, GM, or a silty 
sand, SM, if the fines are silty as determined by the 
procedures in Section 14. 

15.5 If the soil is estimated to contain 10 7% fines, give the 
soil a dual identification using two group symbols. 

15.5.1 The first group symbol shall correspond to a clean 
gravel or sand (GW, GP, SW, SP) and the second symbol 
shall correspond to a gravel or sand with fines (GC, GM, SC, 
SM). 

15.5.2 The group name shall correspond to the first group 
symbol plus the words "with clay" or "with silt" to indicate 
the plasticity characteristics of the fines. For example: 
*well-graded gravel with clay, GW-GC" or "poorly graded 
sand with silt, SP-SM" (see Fig. 2). 

15.6 If the specimen is predominantly sand or gravel but 
contains an estimated 15 % or more of the other coarse- 
grained constituent, the words "with gravel" or "with Sand" 
shall be added to the group name. For example: "poorly 
graded gravel with sand, GP" or "clayey sand with gravel, 
SC" (see Fig. 2). 

15.7 If the field sample contains any cobbles or boulders, 
or both, the words "with cobbles" or "with cobbles and 
boulders" shall be added to the group name. For example: 
"silty gravel with cobbles, GM." 

16. Report 
16.1 The report shall include the information as to ongin, 

and the items indicated in Table 13. 
NOTE 13-Example: Clayey Gravel wiih Sand and Cobbles, GC- 

About 50 % fine to coarse, subrounded to subangular gravel; about 30 % 
fine to coarse, subrounded sand; about 20% fines with medium 
plasticity, high dry strength, no dilatancy, medium toughness; weak 

~~ 

readon with Ha, original field sample had about 5 % (by volur 
subrounded cobbles, maximum dimension, I50 mm. 
In-Place Conditions-Fm, homogeneous, dry, brown 
GBologic Interpretation-Muvial fan 
NOTE l a e x  examples of soil descriptions and identification 

N m  I 5-If desired, the percentages of gravel, sand, and fines I 

Truce-Particles are present but estimated to be l e s  than 5 96 
Few-5 to 10 % 
Little--15 to 25 !% 
Some-30 to 45 % 
Mosrly-50 to 100 % 

16.2 If, in the soil description, the soil is identified usii 
classification group symbol and name as described in ' 
Method D 2487, it must be distinctly and clearly stated ir 
forms, summary tables, reports, and the like, that the syn 
and name are based on visual-manual procedures. 
17. Precision and Bias 

17.1 This practice provides qualitative information 
therefore, a precision and bias statement is not applical 
18. Keywords 

18.1 classification; clay; gravel; organic soils; sand; 
soil classification; soil description; visual classification 

given in Appendixes XI  and X2. 

be stated in tern indicating a range of percentages, as follows: 
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APPENDIXES 

(Nonmandatory Information) 

X1. EXAMPLES OF VISUAL SOIL DESCRIPTIONS 

X 1.1 The following examples show how the information 
luired in 16.1 can be reported. The information that is 
:luded in descriptions should be based on individual 
cumstances and need. 
K 1.1.1 Well-Graded Gravel with Sand (GU+-About 
% fine to coarse, hard, subangular gravel; about 25 % fine 
coarse, hard, subangular sand; trace of fines; maximum 
:, 75 mm, brown, dry; no reaction with HCl. 
(1.1.2 Silty Sand with Gravel (SM)-About 60 % pre- 
ninantly fine sand; about 25% silty fines with low 
sticity, low dry strength, rapid dilatancy, and low tough- 
s; about 15 % fine, hard, subrounded gravel, a few 
vel-size particles fiactured witb hammer blow; maximum 
:, 25 mm; no reaction with HCl (Note-Field sample size 
iller than recommended). 
n-Place Conditions-Firm, stratified and contains lenses 
,ilt 1 to 2 in. (25 to 50 mm) thick, moist, brown to gray; 

in-place density 106 lb/ft3; in-place moisture 9 %. 
X1.1.3 Organic Soil (OL/OH)-About 100 % tines with 

low plasticity, slow dilatancy, low dry strength, and low 
toughness; wet, dark brown, organic odor, weak reaction 
with HCI. 
X 1.1.4 Silty Sand with Organic Fines (SM)-About 75 95 

fine to coarse, hard, subangular reddish sand; about 25 95 
organic and silty dark brown nonplastic fines with no dry 
strength and slow dilatancy; wet; maximum size, coarse 
sand; weak reaction with H a .  
X 1.1.5 Poorly Graded Gravel with Silt, Sand, Cobbles and 

Boulders (GP-GM)-About 75 9% fine to coarse, hard, 
subrounded to subangular gravel; about 15 % fine, hard, 
subrounded to subangular sand; about 10 % silty nonplastic 
fins, moist, brown; no reaction with HCI; original field 
sample had about 5 % (by volume) hard, subrounded 
cobbles and a trace of hard, subrounded boulders, with a 
maximum dimension of 18 in. (450 mm). 

2. USING THE IDENTIFICATION PROCEDURE AS A DESCRII"W3 SYSTEM FOR SHALE, CLAYSTONE, 
SHELLS, SLAG, CRUSHED ROCK, AND THE LIKE 

12.1 The identification procedure may be used a 
:riptive system applied to materials that exist in-situ as 
e, claystone, sandstone, siltstone, mudstone, etc., but 
vert to soils after field or laboratory processing (crushing, 
ing, and the like). 
2.2 Materials such as shells, crushed rock, slag, and the 
should be identified as such. However, the procedures 
I in this practice for describing the particle size and 
ticity characteristics may be used in the description of the 
erial. If desired, an identification using a group name and 
bo1 according to this practice may be assigned to aid in 
ribing the material. 
2.3 The group symbol(s) and group names should be 
%I in quotation marks or noted with some type of 
nguishing symbol. See examples. 
2.4 Examples of how group names and symbols can be 
rorated into a descriptive system for materials that are 
naturally occurring soils are as follows: 
2.4.1 Shale Chunks-Retrieved as 2 to 4-in. (50 to 

100-mm) pieces of shale from power auger hole, dry, brown, 
no reaction with H a .  After slaking in water for 24 h, 
material identified as "Sandy Lean Clay (CL)"; about 60 % 
fines with medium plasticity, high dry strength, no dilatancy, 
and medium toughness; about 35 % fine to medium, hard 
sand; about 5 95 gravel-size pieces of shale. 
X2.4.2 Crushed Sandstone-Roduct of commercial 

crushing operation; "Poorly Graded Sand with Silt (SP- 
SM)"; about 90 96 fine to medium sand; about 10 95 
nonplastic fines; dry, reddish-brown, strong reaction witb 
HCl. 
X2.4.3 Broken Shells-About 60 95 gravel-size broken 

shells; about 30 % sand and sand-size shell' pieces; about 
10 % fines; "Poorly Graded Gravel with Sand (GP)." 
X2.4.4 Crushed Rock-Rocessed from gravel and cob 

bles in Pit No. 7; "Poorly Graded Gravel (GP)"; about 90 % 
fine, hard, angular gravel-size particles; about 10 9% coarse, 
hard, angular sand-size particles; dry, tan; no reaction witb 
HCl. 

. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIBLE 
IDENTIFICATIONS. 

5.1 Since this practice is based on estimates of particle 
distribution and plasticity chae&iCs, it may be 
ult to clearly identify the soil as belonging to one 
10orY. TO indicate that the soil may f .  into one of two 

possible basic groups, a borderline symbol may be used with 
the two symbols separated by a slash. For example: SC/CL or 
CL/CH. 
X3.1.1 A borderline symbol may be used when the 
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percentage of fines is estimated to be between 45 and 55 %. 
h e  symbol should be for a coarse-&rained soil with fines 
and the other for a fine-grained soil. For example: G M m L  
or CL/SC. 

X3.1.2 A borderline symbol may be used when the 
percentage of sand and the percentage of gravel are estimated 
to be about the same. For example: GPISP, SCIGC, GM/ 
SM. It is practically impossible to have a soil that would have 
a borderline symbol of GWISW. 

X3.1.3 A borderline symbol may be used when the soil 
could be either well graded or poorly graded. For example: 
GWIGP, SWISP. 

X3.1.4 A borderhe symbol may be used when the soil 
cc?llc! either hp a silt or a clay. F9r example: CL/ML, 
CHIMH, SC/SM. 

X3.1.5 A borderline symbol may be used when a fine- 

grained soil has properties that indicate that it is at th 
boundary between a soil of low compressibility and a soil ( 
high compressibility. For example: CL/CH, MH/ML. 

X3.2 The order of the borderline symbols should reflec 
similarity to surrounding or adjacent soils. For example: soi 
in a borrow area have been identified as CH. One sample 
considered to have a borderline symbol of CL and CH. 'I 
show similarity, the borderline symbol should be CH/CL. 

X3.3 The group name for a soil with a borderline symb 
should be the group name for the first symbol, except for: 

CL/CH lean to fat clay 
ML/CL clayey silt 
CL/ML silty clay 

X3.4 me use of a hrderline symbol should not be us[ 
indiscriminately. Every effort shall be made to first place tl 
soil into a single group. 

X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAG'ES OF GRAVEL, SAND, 
AND FINES IN A SOIL SAMPLE 

X4.1 Jar Method-The relative percentage of coarse- and 
fine-grained material may be estimated by thoroughly 
shaking a mixture of soil and water in a test tube or jar, and 
then allowing the mixture to settle. The coarse particles will 
fall to the bottom and successively finer particles will be 
deposited with increasing time; the sand Sizes will fall out of 
suspension in 20 to 30 s. The relative proportions can be 
estimated from the relative volume of each size separate. 
This method should be correlated to particle-size laboratory 
determinations. 

X4.2 Visual Method-Mentally visualize the gravel size 
particles placed in a sack (or other container) or sacks. Then, 
do the same with the sand size particles and the fines. Then, 
mentally compare the number of sacks to estimate the 
percentage of plus No. 4 sieve size and minus No. 4 sieve size 

present. The percentages of sand and fines in the minus sie 
size No. 4 material can then be estimated from the wash tt 
(X4.3). 

X4.3 Wash Test @or relative percentages of sand a1 
fines)-Select and moisten enough minus No. 4 sieve si 
material to form a 1-in (25-mm) cube of soil. Cut the cube 
half, set one-half to the side, and place the other half in 
small dish. Wash and decant the fines out of the material 
the dish until the wash water is clear and then compare t 
two samples and estimate the percentage of sand and fin1 
Remember that the percentage is based on weight, u 
volume. However, the volume comparison will provide 
reasonable indication of @n size percentages. 

X4.3.1 While washing, it may be necessary to break dol 
lumps of fines with the finger to get the correct percentag 

X5. RATIONALE 

X5.1 This practice was significantly revised in the D 2488 - 
84 version from the previous version D 2488 - 69 (1975). 
The revisions are documented in the literat~re.~ 

X5.2 Changes in this version from the previous versi 
include rewording of 1.2.3 to say (disturbed and unc 
turbed), the addition of 5.7 to refer to the practice 
describing frozen soils, and the addition of Appendix X5 
Rationale. 

3Howad, A. K 'The Rcvir+d ASIU Standard on tbc Description and 
Identification of SOB (Visual-Manual Roctdm)," Gmiechicd Testing J d ,  
GTJODJ Vol. 10, No. 4, December 1987. 

The Atnwimn Society for Testing and Materials takes no posniM respecting the validity of any patent rights asserted in conm?ction 
wfih any &in menti(u?8d in this standard. Users of this sfandard am expmssly advised that determination d the Widity of any such 
patent righ!s. adtheeriskof infringemenr d such rights, am entirely their own responsiblity. 

This standard is subject to revision at any time by the mponsible technica/ committee and must be reviewed every five years and 
it ncf revised, either resgpwed 01 withdrawn. Your comments 811) invited either lor revision d this standard 01 for edditional standards 
and ShOuM be addressed to ASTM Hesdquarters. Your comments will receive careful conrideration at a meeting of the responsiMe 
technical committee, which yar mey mend. If you feel that your arnments have mt received a fair hm'ng you should make y&r 
views kmwn to the ASTM Canmittee on Standards, 1916 Race St.. Philadewia, PA 19103. 
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Designation: D 2573 - 72 (Reapproved 1978) 

Standard Test Method for 
Field Vane Shear Test in Cohesive Soil' 

This standard is issued under the fixed designation D 2573: the number immediately following the designation indicates the year of 
original adoption or, in the case of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (t) indicates an editorial change since the last revision or reapproval. 

This srandard has been approved for use by agencies of rhe Depanmenr oJDe/nse. Consulr the DoD Index oJSpec&arions and 
Srandards for the specijic year of issue which has been adopred by rhe Depanmenr of Defense. 

, 

ie 
'his method covers the field vane test in soft, situ- 
ohesive soils. Knowledge of the nature of the soil in 
each vane test is to be made is necessary for 
ent of the applicability and interpretation of the test. 

mary of Method 
'he vane shear test basically consists of placing a 
tded vane in the undisturbed soil and rotating it from 
ace to determine the torsional force required to cause 
irical surface to be sheared by the vane; this force is 
nverted to a unit shearing resistance of the cylindrical 
It is of basic importance that the friction of the vane 

1 instrument be accounted for; otherwise, the friction 
be improperly recorded as soil strength. Friction 
ements under no-load conditions (such as the use of a 
tem in place of the vanes, or a vane that allows some 
ation of the rod prior to loading) are satisfactory only 
:d that the torque is applied by a balanced moment 
,es not result in a side thrust. As torsional forces 
! greater during a test, a side thrust in the instrument 
ult in an increase in friction that is not accounted for 
al no-load readings. Instruments involving side thrust 
. recommended. The vane rod may be of sufficient 
that it does not twist under f d  load conditions; 

ise a correction must be made for plotting torque- 
n curves. 

Isatus 
The vane shall consist of a four-bladed vane as 
ted in Fig. 1. The height of the vane shall be twice the 
er. Vane dimensions shall be as specified in Table 1. 
ther than those specified in Table 1 shall be used only 
le permission of the engineer in charge of the boring 
m. The ends of the vane may be tapered (see Fig. 1). 
metrating edge of the vane blade shall be sharpened 
an included angle of 90". 
The vane shall be connected to the surface by means 
torque rods. These rods shall have suficient diameter 

iat their elastic limit is not exceeded when the vane is 
j to its capacity (Note 1). They shall be so coupled that 
Dulders of the male and female ends shall meet to 
t any possibility of the coupling tightening when the 

I method is under the jurisdiction of ASTM Committee D18 on Soil and 
d is the direct responsibility of Subcommittee D18.02 on Sampling and 
Field Testing for Soil Investigations. 
nt edition approved Jan. 17, 1972. Published February 1972. Originally 
1 as D 2573 - 67 T. Last previous edition D 2573 - 67 T. 
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torque is applied during the test. if a vane housing is used. 
the torque rods shall be equipped with well-lubricated 
bearings where they pass through the housing. These bear- 
ings shall be provided with seals to prevent soil from entering 
them. The torque rods shall be guided so as to prevent 
friction from developing between the torque rods and the 
walls of casing or boring. 

NOTE I-If torque versus rotation curves are to be determined, it is 
essential that the torque rods be calibrated (prior to use in the field). The 
amount of rod twist (if any) must be established in degrees per foot per 
unit torque. This correction becomes progressively more important as 
the depth of the test increases and the calibration must be made at least 
to the maximum depth of testing anticipated 

3.3 Torque shall be applied to the torque rods, thence to 
the vane. The accuracy of the torque reading should be such 
that it will produce a variation not to exceed 2 2 5  lb/ft2 (1.20 
kPa) shear strength. 

3.4 It is preferable to apply torque to the vane with a 
geared drive. In the absence of a geared drive, it is acceptable 
to apply the torque directly by hand with a torque wrench or 

RECTANGULAR VANE TAPERED VAME 

FIG. 1 Geometry of Field Vane+ '' 



. . ... . . - .. . .  

dm 0 2573. 

TABLE 1 Recommended Dimensions of Field Vanes' 
Diameter of Var 

Rod. in. (rnm) Thickness of Blade, m. (mm) Diameter. Height, 
in. (mm) in. (rnrn) Casing Size 

A x '  1% (38.1) 3 (76.2) . %e (1.6) H (12.7) 
BX 2 (50.8) 4 (101.6) ' %e (1.6) Y2 (12.7) 
NX 2% (63.5) 5 (127.0) % (3.2) '/a (12.7) 
4 in. (101.6 mm)8 3% (92.1) 7% (184.1) tb (3.2) %r (12.7) . .  . 

A Selection of the vane size is directly related to ihe consistency of *e Soil being tested, that is, the softer the soil the larger the vane diameter. 
Inside diameter. 

equivalent. The duration of the test should be controlled by 
the requirements of 4.3. 

4. Procedure 
4.1 In the case where a vane housing is used, advance the 

housing to a depth which is at least iive vane housing 
diameters less than the desired depth of the vane tip. Where 
no vane housing is used, stop the hole in which the vane is 
lowered at a depth such that the vane tip may penetrate 
undisturbed soil for a depth of at least five times the diameter 
of the hole. 
4.2 Advance the vane from the bottom of the hole or the 

vane housing in a single thrust to the depth at which the test 
is to be conducted. Take precautions to make sure no torque 
is applied to the torque rods during the thrust. 
4.3 With the vane in position, apply the torque to the 

vane at a rate which should not exceed 0.1 O/s. This generally 
requires a time to failure of from 2 to 5 min, except in very 
soh clays where the time to failure may be as much as 10 to 
15 min. In stiffer materials, which reach failure at small 
deformations, it may be desirable to reduce the rate of 
angular displacement so that a reasonable determination of 
the stress-strain properties can be obtained. During the 
rotation of the vane, hold it at a fixed elevation. Record the 
maximum torque. With apparatus with geared drives, it is 
desirable to record intermediate values of torque at intervals 
of 15 s or at lesser frequency if conditions require. 
4.4 Following the determination of the maximum torque, 

rotate the vane rapidly through a minimum of 10 revolu- 
tions; the determination of the remoulded strength shodd be 
m e d  immediately after completion of rapid rotation and in 
all cases within 1 min after the remoulding process. 
4.5 In the case where soil is in contact with the torque 

rods, determine the friction between the soil and the rod by 
means of torque tests conducted on similar rods at similar 
depths with no'vane attached. Conduct the rod friction test 
at least once on each site; t h i s  shall consist of a series of 
torque tests at varying depths. 
4.6 In apparatus in which the torque rod is completely 

isolated from the soil, conduct a fiction test with a blank rod 
(Note 2) at least once on each site to determine the 
magnitude of the friction of the bearings. In a properly 
functioning vane apparatus, this friction should be negligible. 

NOTE 2-111 some cases it is not neceSSary to remove the vane for the 
mction test. As long as the vane is not in contact with the soil, that is, 
where it is retracted into a casing, the friction measurement is not 
affected. 

4.7 Conduct undisturbed and remoulded vane tests at 
intervals of not less than 2'12 ft (0.76 m) throughout the soil 
profile when conditions will permit vane testing (Note 3). Do 
not conduct the vane test in any soil that will permit 

drainage or dilates during the test period, such as s 
silts or in soils where stones or shells are encounterec 
vane in such a manner as to influence the results. 

NOTE 3-This spacing may be varied only by the engineer 
of the boring program. 

5. Calculation 

manner: The turning moment required to shear the 
follows: 

where: 
T = torque, Ibf-ft (or N-m), 
s = shear strength of the clay, lbf/fi2 (or P a ) ,  and 
K = constant, depending on dimensions and shal: 

vane, ft3 (or m3). 
5.2 Assuming the distribution of the shear str 

uniform across the ends of a cylinder and aro 
perimeter, calculate the value of K as follows: 
Inch-Pound Units: 

Metric Units: 

where: 
D = measured diameter of the vane, in. (or cm), a 
H = measured height of vane, in. (or cm). 
It is important that these dimensions are checked 
cally to ensure the vane is not distorted or worn. 

5.3 As the ratio of length to breadth of the vane i 
value of K may be simplified in terms of the diamet 
it becomes the following: 
Inch-Pound Units: 

Metric Units: 

5.1 Calculate the shear strength of the soil in the fc 

T = s x K  

K = (r/1728) X (dH/2)  x [ l  + (D/3H)] 

. K = (r/106) x (#H/2) x [ 1 + D/3H)] 

K = 0.0021d ' 

K = 0.0oooO366d 
5.4 Since the value of s is required, it is more 

write the equation as follows: 

where: 
k = l/Kand 
T, the torque, is measured so that s can be calcula 

5.5 For the tapered vane of Fig. 1, the following 
equation may be used for the vane constant: 
Inch-Pound Units: 

Metric Units: 

s = T x k  

K =  1/1728 [r@ + 0.37 (2d - &)I 

K = 1/106 [rd + 0.37 ( 2 d  - 811 

347 



liameter, in. (cm). For a Y2-in. ( 
:es to: 
d Units: 

its: 
. .  K = 0.00225D3 - 0.00003 

e# D2573 
696 Q 

.27-cm) rod this 

K = 0.00000388@ - 0~00000076 

each vane test record the following observations: 
bate of the test, 
oring number, 
ize and shape of the vane (tapered or rectangular), 
bepth of the vane tip, 
jepth of the vane tip below the housing or bottom 
e, 
laximum torque reading, and intermediate read- 

l 
ings if required for the undisturbed test, 

6.1.7 Time to failure of the test, 
6.1.8 Rate of remoulding, 
6.1.9 Maximum torque reading for the remoulded test, 

6.1.10 Notes on any deviations from standard test proce- 

6.2 In addition, record the following observations for the 

6.2.1 Boring number, 
6.2.2 Location, 
6.2.3 Log of the soil conditions, 
6.2.4 Reference elevation, 
6.2.5 Method of making the hole, 
6.2.6 Description of the vane, that is, housed or not, 
6.2.7 Description of the method of applying and mea- 

6.2.8 Notes on the driving resistance, 
6.2.9 Name of the drilling foreman, and 
6.2.10 Name of the supervising engineer. 

and 

dure. 

boring: 

suring the torque, 

The American Society for Testing and Materials takes no position respecting the validity of any patent rights assefled in connection 
with any item mentioned in this Standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible 
technical cornminee, which you may anend. M you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race Si., Philadelphia, PA 19103. 
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Designation: D 2044 - 89 N b  
Standard Test Method for 
Resistance R-value and Expansion Pressure of Compacted 
Soils’ 
This srandard is issued under the b e d  designation D 2844: the number immediately following the designation indicates the year of 
original adoption or, in the case of revision. the year of lan revision. A number in parentheses indicates the year of 1- reapproval. A 
superscript epsilon (6) indicates an editorial change since the lan revision or reapprod. 

1. Scope 
1.1 This test method covers the procedure for testing both 

treated and untreated laboratory r~mpx?ed s& cr a w e -  
gates with the stabilometer and expansion pressure devices to 
obtain results indicative of performance when placed in the 
base, subbase, or subgrade of a road subjected to uaffic. 

1.2 The values stated in inch-pound units are to be 
regarded as the standard. 

1.3 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purpon to 
address all of the safery problems associated with its use. It  is 
rhe responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
C670 Practice for Preparing Precision and Bias State- 

ments for Test Methods of Construction Materials’ 
E 4 Practices for Loading Verification of Testing Ma- 

chines3 
E 11 Specification for Wire Cloth Sieves for Testing Pur- 

2.2 AASHTO Documents: 
T 19@ Test Method for Resistance R-value and Expansion 

p o s e ~ ~  

Pressure of Compacted Soils’ 

3. Significance and Use 
3.1 This test method is used to measure the potential 

strength of subgrade, subbase, and base coum materials for 
use in road and airfield pavements. The R-value is used by 
some agencies as a criteria for acceptance of aggregates for 
base course and bituminous courses. 

3.2 The expansion pressure testing has been used in 
conjunction with the R-value test to determine cover re- 
quirements (thickness) and construction controls to reduce 
pavement distortion from expansive subgrade soils. 

3. Apparatus 
4.1 Kneading Compactor, capable of applying an average 

’ This test method is under the jurisdiction of ASTM Committee D I8 on Soil 
and Rock and is the direct responsibility of.Subcomminee D18.08 on Special and 
Construction Control T m .  

Current edition approved Oct. 27. 1989. Published December 1989. Originally 
nublied as D 2844 - 69. last previous edition D 2844 - 68 (1975). 

Annual Book of ASTM Standards, Vols 04.01,CM.02.04.03. and 04.08. 
’Annul  Book ofASTM Standards, Vols 03.01,04.02,07.01, and 08.03. 
‘Annual Book ofA.TM Standards, Vol 14.02. ’ Available from American Askciation of State Highway and Transportation 

Oficials. 444 N. Capitol St, NW, Suite 225, Washington, DC 20001. 

contact pressure of 350 2 16 psi (2410 f 110 kPa) to 
tamper foot shown in Fig. 1 and with provisions 

The load-time trace shall be free of “chatter” or evidencl 
impact-associated changes in slope. The rise time for ap 
cation of foot pressure, in the range from 35 to 300 psi ( 
to 2070 e a ) ,  shall not be less than 0.07 nor more than 0 
The dwell time, measured at 300 psi foot pressure, shall 
be less than 0.15 nor more than 0.45 s: The pressure-relc 
or removal time shall not be greater than 0.60 s. 

4.1.1 The compactor shall include a counter or timer 
measuring the number of tamps applied to a specimen ar 
mold holder, for use in compacting specimens, that rot; 
equally between tamps to give 5 to 7 tamps per revolutioi 
the mold. The holder shall f m l y  restrain the mold d u ~  
compaction. The base of the mold holder shall have a m 
plate 331/32-in. (100.8 mm) in diameter and 0.5 in. (12.7 x 
high to which is cemented a rubber disk having a diamete 
3%6 in. (100.0 mm) and a height of ‘1s in. (3.2 mm). + 
plate shall be an integral part of the base of the mold holc 
The compactor shall also include a trough for feeding 
sample into the mold in 20 increments (Fig. 2). Troughs v 
a semicircular cross section of 6 in.3 (39 cm’) in area and 
in. (50.8 cm) long have proven satisfactory. 

4.2 Compression Testing Machine, with a minimum 
pacity of 10 000 Ibf (45 kN) and satisfying the requireme 
of Practices E 4. 

mdm&kg this pressure dufing C ~ Z G ~ C S  in uuipir . -  ne1 

TOLERANCES 

2.00 f 0.002 inches  or 5.08f 0.0051 cm 
I/4”i0.020 lnchrr or 0.642 0.051 cm 

Full  Scole 

FIG. 1 lamper Shoe for Kneading Compactor 
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FIG. 2 Compector with Sample Feed Trough 

Mold, 4 f 0.002 in. (101.6 f 0.05 mm) inside 
er by 5 f 0.008 in. (127 f 0.20 mm) high. (See Fig. 3 
ace roughness.) 
Rubber Disks, 3V16 in. (100 mm) in diameter by 11s in. 
) thick and having a durometer hardness of 60 f 15. 
Metal Follower, solid-walled, metal specimen follower 
0.005 in. (100.33 f 0.13 mm) in outside diameter by 
27 mm) long. 
Exudation Device, as shown in Fig. 4.6 
Phosphor Bronze Disk, as shown in Fig. 5 .  
Filter Paper, 100 mm in diameter and 0.006 in. (1.5 
lick, smooth surface, medium filtering speed, medium 
on. 
Filter Paper, 1 10 mm in diameter and 0.006 in. (1.5 
thick, creped surface, medium-fast filtering speed, 
rn retention. 

Expansion-Pressure Device, with accessories as 
in Fig. 6.6 There should be at least three of these 

Deflection Gage, with divisions of 0.0001 in. (0.002 
s for each sample to be tested within a day's time. 

ind an allen wrench as shown in Fig. 6. 

des of d d e d  &?ngs of the apparatus shown in Figs. 4 ( I  drawing), 6 (4 
5). 7 and 8 (7 dramgs) arc available at a nominal cost from the American 
brTfertingandhhterials, 1916RaceSt,Philadelphia, PA 19103. Request 
No. 12428440-10, 12428440-20, and 12428440-30, respedvely. 
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4.12 Stabilometer, with accessories, as shown in Figs. 7 
and 8.6 

4.13 Standard Metal Specimen, 4 in. (101.60 mm) in 
outside diameter by 6 in. (152.2 mm) high as shown in Fig. 
8. 

4.14 Balance, 5000-g capacity, accurate to 1 g. 
4.15 Sieves, 1 in. (25.0 mm), V4 in. (19.0 mm) and No. 4 

(4.75 mm) conforming to the requirements of Specification 
E 11. 

4.16 Miscellaneous Equipment, including mixing pans, 
spoons, spatulas, and gallon cans with close-fitting lids. 

5. Soil Preparation 
5.1 Remove any coatings from coarse aggregate and break 

clay lumps to pass the No. 4 (4.75-mm) sieve. 
5.2 Adjust the soil graduation when some of the material 

is retained on the %in. (19.0-mm) sieve. When 75 % or 
more passes the %in. sieve, use that part of the sample 
passing the 314-in. sieve. If less than 75 % of the sample passes 
the 314-in. sieve use that part of the sample passing the 1-in. 
(25.0-mm) sieve. 

6.  Preparation of Soil Specimens 
6.1 Thoroughly mix four 1200-g samples of soil with the 

amount of water estimated to equal one half to two thirds of 
the water required to produce saturation as defined in 6.3 
and 6.4. Place the samples in covered containers and allow 
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4..490'* D b  
6 I-- -.wa 

- 
[BURR SLIGHTLY -BOTH ENDS 

I 
145. CHAMFER ON 

ONLY -BOTH ENDS 

No=-Inside roqhms is obtained by smooth machinihg inside to required 
dameter of 4.000 f 0.002 in. followed on final operation with a boring tod bit 
ground to a 90" point with sharp point ground flat myswing 0.001 to 0.003 m. 
8exm. Depth of cut is 0.002 in. with 0.010 m. feed m g  sulfur-based oil coolant. 

FIG. 3 Mold 

them to stand overnight. Just prior to compaction, mix the 
samples with the final amount of water required to produce 
saturation. The first sample is used as a pilot specimen to 
assist in determining the final amount of water required. 

6.2 Weigh out enough material to fabricate a compacted 
sample 4 in. (101.6 mm) in diameter by 2.5 in. (63 mm) 
high. Compacted specimens having heights from 2.3 to 2.7 
in. (58 to 68 mm) are acceptable. Compact the soil into the 
mold by means of the kneading compactor as follows: Place 
the mold in the mold holder which has a rubber disk, 3Y16 
in. (100 mm) in diameter and '18 in. (3 mm) thick, cemented 
to 'the plate. Adjust the mold for approximately %in. 
(3-mm) clearance between the lower edge of the mold and 
base of the mold holder. With the compactor-foot pressure 
set at 250 f 25 psi (1720 st 170 P a ) ,  feed 3 in. (76 mm) of 
the soil in the trough into the mold. Feed the balance of the 
soil into the mold in 20 equal increments with one applica- 
tion of the ram after each increment. Alloy 10 additional 
tamps to level the soil, then place a rubber disk on top of the 
specimen. Apply 100 additional tamps with a foot pressure 
of 350 psi (2410 @a). Stop compacting the soil at any time 

flG. 4 Exudation-Indicator Device 

before 100 tamps if water appears around the bottom 
mold. 
NOTE I-Use lower compaction pressures when necessary 

penetration of the ram into the soil to not greater than Y4 in. (C 

6.3 Remove the mold containing the compactec 
imen from the compactor. Level the tamped surface b 
tamping with a 1.5-in. (38-mm) diameter rod. F 
phosphor-bronze disk on the tamped surface of the s 
place a filter paper on top of the bronze disk. Invert th 
and place it on the exudation device so that the filter r 
on the bottom. Using the compression testing m< 
apply a uniformly increasing pressure to the soil at the 
2000 lbf (8900 N)/min. Water should be exuded fr( 
soil at 300 psi (2070 kPa) as evidence that enough moi 
present to produce saturation. Stop the loading and 
the exudation pressure when either five of the six oute 
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L PERFORATED DISK 
PHOSPHOR BRONZE 28GAGE 

FIG. 5 Phosphor-Bronze Disk 

)n the exudation pressure device are lighted or t ~ e e  outer 
ights are lighted and free water is visible around the bottom 
)f the mold. Do not exceed a loading of 800 psi (5520 P a ) .  

6.4 Mold at least two more specimens With different 
imounts of moisture so that a range of exudation pressures 
rom 100 to 800 psi (690 to 5520 Wa) (Note 2) is obtained 
vhich brackets the 300 psi (2070 kPa) value. For some high 
rolumechange soils, additional specimens having exudation 
)ressures lower than 100 psi may be necessary to obtain 
:xpansion pressures that are low enough to provide a suitable 
ange of data for a complete expansion pressure analysis of 
he soil. 
NOTE 2-&casionally, material from very plastic, clay-test speci- 

nens will extrude from under the mold and around the follower ram 
Luring the loading operation. If this occurs when the 8oO-pSi (5520-kPa) 

'9 
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point is reached and fewer than five lights are lighted, the soil should be. 
reported as less than 5 R-value. Coarse granular materials and clean 
.sands may require the use of paper baskets to permit testing. 

7. Calibration of Expansion-Pressure Apparatus 
7.1 Calibrate the spring-steel bar of the expansion- 

pressure device (Fig. 6) by applying upward measured loads 
at the center of the bar and measuring the respective 
deflections of the bar with the deflection gage. 

7.2 The steel spring bar is considered in calibration when 
the deflections are within the following tolerances: 

Applied Load Dial Reading, in. (mm) 
8 (3.75) 0.0021 2 0.0002 (01055 i 0.005) 

16 (7.50) 0.0042 * 0.0002 (0.1 10 i 0.005) 
24 (1 1.25) 0.0063 * 0.0002 (0.165 2 0.005) 
32 (1 5.00) 0.0084 * 0.0002 (0.220 i 0.005) 

7.3 If the deflection gage does not check the above 
readings, loosen the top frame bar and adjust the position of 
the shims, between the frame and the spring steel bar, until 
the required readings are obtained. 
NOTE 3-Some models of the expansion-pressure apparatus have set 

screw adjustments in lieu of shims. 

8. Expansion-Pressure Testing 
8. I Allow the test specimen to rebound in a covered mold 

for at least 30 min after determination of the exudation 
pressure. 

8.2 Place deflection gage in position on the expansion- 
pressure device with the single-bearing end of the gage base 
resting on the adjustment ring. 

8.3 Using an allen wrench, raise or lower the adjustment 
plug until the deflection gage .is on - 1 .OO 10 in. (0.025 mm). 
The deflection gage will read 0.0090 in. (0.229 mm). 

8.4 Place the perforated disk with stem firmly on the face 
of the compacted specimen in the mold and place the mold 
in the expansion-pressure device after placing creped surface 
fiter paper on the turntable. 

8.5 Seat the perforated disk firmly on the specimen with 

FIG. 8 Expansion-Premure Device and A ~ s s o r i e s  
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flG 7 HveemStabilometer. 

flG. 8 StaMlometerandAccessories 

pressure applied by the fingers. Raise the turntable on the 
expansion device until the deflection gage reads zero. If the 
&\ice was properly adjusted, according to 6.3, this wil l  apply 
rhe preset surcharge deflection of 0.0010 in. (0.025 mm). 

8.6 Put approximately 200 mL of water into the mold and 
allow pressure from expansion of the specimen to develop 
for 16 to 24 h. 

NOTE 4-Do not leave a test qxciken unconfined by the expansic 
P~~ device while there is free water 0x1 top of the specimen in 1 
mold. 

8.7 Read the deflection of the calibrated spring steel bar 
0-0001 in. (0.002 mm). w e n  the d d k c h n  is greater th; 
0.0100 in. (0.254 mm), the exPansion-Pres.SUre device shou 
be d b r a t e d  before using again. 

8.8 Determine the expansion pressure, P, as follows: 
, . n : * .  , _ _  
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P = k d  

ng constant of steel bar calculated from calibration 
he expansion-pressure apparatus and expressed in 
3.0010 in. (or kPa/0.025 mm), and, 
xtion shown by deflection gage, in. (mm). 

tment of Stabilometer 
Gust the bronze nut on the stabilometer stage base 
he top of the stage is 3% in. (89 mm) below the 
of the upper tapered ring of the stabilometer. 
al l  tests at this setting. 
ljust the amount of air in the stabilometer cell so 
0.05 turns of the pump handle increase the liquid 
from 5 to 100 psi (34 to 690 kPa) with the standard 
ximen in the stabilometer chamber. 

stance-Value Testing of Specimens 
ifter testing for expansion pressure, pour water off 

the specimen (Note 5 )  and place the mold with the 
1 on top of the stabilometer. Place the follower on 
le specimen and force the specimen fiom the mold 
stabdometer. Lower the testing machine head until 
gages the follower. 
i-If all the water has drained through the specimen, add 
le top and allow to stand for 15 min. Pour off any excess water 
nue test. 

4pply a horizontal pressure of 5 psi (34 P a )  to the 
n by means of the displacement pump then apply a 
load using a uniform rate of movement of 0.05 in. 
i)/min. 
Record the horizontal pressure when the vertical 
2000 lbf (8900 N) and stop loading. Reduce the 
load to lo00 lbf (4450 N). With the displacement 
idjust the horizontal pressure to 5 psi (34 kPa). 
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NOTE 6-This will result in a further reduction in the applied load, 
and should be ignored. 

10.4 Turn the stabilometer pump handle at approxi- 
mately two turns per second and measure the number of 
turns of the pump handle (using the turnsdisplacement dial 
indicator on the stabilometer) to raise the horizontal pressure 
from 5 to 100 psi (34 to 690 Pa) .  This is the turns 
displacement, D, of the specimen. 

10.5 Determine the resistance, R, as follows: 
R = 100 - [100/(2.5/D)(160/P,, - 1)  + 11 

where: 
Ph = horizontal pressure, psi, and 
D = turns displacement reading. 
This is the R-value for specimens with compacted heights 
from 2.45 to 2.55 in. (62 to 65 mm). If the height of the 
specimen is between 2.3 and 2.45 in. or 2.55 and 2.7 in. (58 
and 62 mm or 65'and 68 mm, respectively) use the chart 
(Fig. 9) for correcting R-values to a specimen height of 2.5 
in. (63 mm). 

NOTE 7-Ifthe R-value is desired at a specific exudation pressure, for 
example, 300 psi (2070 Wa), within the range of pressures measured in 
tests of the three specimens, it is convenient to construct a graph of 
R-value versus exudation pressure and interpolate. 

11. Precision and Bias 
11.1 Bias statements are not applicable to this test 

method. 
1 1.2 The e w a t e s  of precision for this test method listed 

in Table I are based on the analysis of data from 13 pairs of 
AMRL soil reference samples. Participating laboratories 
were asked to perform AASHTO Test Method T 190, which 
is equivalent to ASTM Test Method D 2844, at an exudation 
pressure of 300 psi. More than 100 paired test results from 16 
to 23 laboratories were analyzed. Estimates of test precision 
for R-values greater than 50 have not been developed. 
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TABLE 1 Estimates of PrecisiofP 

sinsleoperetorpredsion: 
R-values at 300 psi between 5 and 20 3 8 

R-valuesat300psibetween21 and50 4 12 

R-valwsat300psibetween Sand20 6 18 

R-vaJues at 300 & between 21 and 50 13 37 

Si--: 

Multj-pecison: 

Muttilaboratory-: 

”These numbers repesent the (1s) and (ozs) lhnits as described in practice 

, Bsupportins data are available trom ASTM H q w t e r s .  Request RR: 
C 670. 

maim. 

The American SociciIy tor Testing and Materiels takes no position respecting the validiry of any patent rigMs m e f l e d  in connection 
with any item mentioned in thls standad. Users of this standard am expmly advised that determination of the validity of any such 
petem rigMs. and the risk of infrlngernent of such rights, am entirely their own r e s ~ i b i i i f y .  

This standard is subject to revkitm at any time by the mponsiB/e technical ccxnminee and must be reviewed every five yews and 
I f  not revised, either reproved  or withdrawn. Your u n n ~  are invited either for revision of this standard or for additional sIandanIs 
and should be addressed to ASTM HeatiquarWs. Ywr CommnIs wi// receive carefu/ consideration at a meeting of the responsible 
technical commmee. which you may mend. /f you fee/ that your comments have nor received e fair hearing you should make your 
views known to the ASTM comminee on Standerds, 1916 Race St., Phi/ade/phia, PA 19103. 

360 



.. . . .. . - . ... .. .. . . . . ..  . . 

[[)) Designation: D 2850 - 87" 

Standard Test Method for 
Unconsolidated, Undrained Compressive Strength of 
Cohesive Soils in Triaxial Compression' 

This standad is issued under the tixed designation D 2850 the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of lan revision. A number in parcnthcses indica- the year of last reapproval. A 
supncript epsilon (c) indicates an editorial change since the last revision or reapproval. 

' I  Nm-Se.cfion 1 1 was added editorially in January 1991. 

1. Scope 
1 . 1  This test method covers the determination of the 

unconsolidated, undrained compressive strength (or max- 
imum principal stress difference) of cylindrical specimens of 
cohesive soils in undisturbed, remolded, or compacted 
conditions using constant rate of deformation (straincon- 
trolled) application of the axial compression test load and 
where the specimen is subjected to a confining fluid pressure 
in a triaxial chamber. No drainage of the specimen is 
permitted during the test. The test method provides for the 
measurement of the total stresses applied to the spedimen, 
that is, the stresses are not corrected for pore-water pressure. 
The total stress is the sum of the effective stress and the pore 
pressure. 

1.2 This test method provides data for determining un- 
ked strength properties and stress-strain relations for - - -6. 

NOTE 1-The determination of the unconsolidated, undrained 
strength of cohesive soils without lateral confinement is covered by Test 
Methods D 2 166. 

NOTE 2--This test method does not provide a procedure for back 
pressure saturation of the test specimens. If back pressure saturation of 
the specimens is required, the test must be performed utilizing proce- 
dures and apparatus similar to those required for a consolidated 
undrained triaxial test. However, due to consolidation, which could 
occur during the saturation phase, this modified procedure is not truly 
unconsolidated. A test method for the consolidated undrained triaxial 
test is currently under development in Subcommittee D18.05. 

NOTE 3--This test method does not include a procedure for ob  
raining pore pressure measurements. Furthermore, at the rapid strain 
rates used in this test method such measurements could be inaccurate. If 
pore pressure measurements are desired, alternative procedures such as 
the U.S. Bureau of Reclamation Method E-17 can be used. 

1.3 The values stated in SI units are to be regarded as the 
standard. 

1.4 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purpon to 
address all of the safety problems associated with its use. It  is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

' 

Ropenits of soils. 

published as D 2850 - 70. 

' This test method is under the jurisdiction of AsfM Committee D-18 on Soil 
. Rock and is the direct responsibility of Subcornminee D18.05 on S v ~ c n u a l  

current edition approved April 24, 1987. Published June 1987. Originally 
previous edition D 2850 - 82. . .  ' :  ! .. , . I .. 7.  . ,. ji, .. r .i .._( *, , 

. . a  

2. Referenced Documents 

2.1 ASTM Standard: 
D 422 Method for Particle-Size Analysis of Soils2 
D653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for Specific Gravity of Soils2 
D 1587 Practice for Thin-Walled Tube Sampling of Soils2 
D2166 Test Methods for Unconfined Compressive 

Strength of Cohesive Soil2 
D2216 Method for Laboratory Determination of Watex 

(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures2 

D2487 Test Method for Classification of Soils for Engi- 
neering ~ ~ r p o s e s 2  

D 2488 Practice for Description and Identification of Sol 
(Visual-Manual Pro~edure)~ 

D4220 Practices for Preserving and Transporting Soil 
Samples2 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils2 

Fluids2 

3. Terminology 
3.1 Definitions: 
3.1.1 triaxial compression test-a test in which a cylin. 

drical specimen of soil encased in an impervious membranc 
is subjected to a confining pressure and then loaded axiall) 
to failure in compression (as defined in 3.2.1). 

3.1.2 principal stress difference or deviator stress-thf 
difference between the major and minor principal stresses ir 
atriaxialtest. 

3.1.2.1 Discussion-The principal stress difference or de. 
viator stress is equal to the axial load applied to the specimer 
divided by the corrected cross-sectional area of the specimen 
as prescribed in Section 8. The major principal stress in thf 
specimen is equal to the deviator stress plus the chamk 
pressure, and the minor principal stress in the specimen i! 
equal to the chamber pressure. 

3.2 Descriptions of Terms Specific to This Standard: 
3.2.1 failurethe failure stresses are taken as the stresse! 

in the specimen corresponding to the maximum principa 
stress difference (deviator stress) attained or the principa 
stress Merence (deviator stress) at 15 % axial strain, which 
ever is obtained first during the performance of a test. 

3.2.2 unconsolidated-undrained compressive strength- 

Annual Book of ASTM Standard% Vol04.08. 
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the value of the maximum principal stress difference or 
deviator stress obtained during the test. 

4. Significance and Use 
4.1 In this test method, the compressive strength of a soil 

is ddermined in terms of the total stress, therefore, the 
resulting strength depends on the pressure developed in the 
pore fluid during loading. In this test method, fluid flow is 
not permitted from or into the soil specimen as the load is 
applied, therefore the resulting pore pressure, and hence 
strength, differs from that developed in the case where 
drainage can occur. 

4.2 If the test specimens are 100 % saturated, consolida- 
tion cannot occur when the confining pressure is applied nor 
during the shear portion of the test since drainage is not 
permitted. Therefore, if several specimens of the same 
material are tested, and if they are all at approximately the 
same water content and void ratio when they are tested, they 
will have approximately the same undrained shear strength. 
The Mohr failure envelope will usually be a horizontal 
straight line over the entire range of confining stresses 
applied to the specimens if the specimens are fully saturated. 

4.3 If the test specimens are partially saturated or com- 
pacted specimens, where the degree of saturation is less than 
100 %, consolidation may occur when the confining pressure 
is applied and during shear, even though drainage is not 
permitted. Therefore, if several partially saturated specimens 
of the same material are tested at different confining stresses, 
they will not have the same undrained shear strength. Thus, 
the Mohr failure envelope for unconsolidated undrained 
triaxial tests on partially saturated soils is usually curved. 

4.4 The unconsolidated undrained triaxial strength is 
applicable to certain design situations in geotechnical engi- 
neering practice where the loads are assumed to take place so 
rapidly that there is insufiicient time for the induced 
pore-water pressure to dissipate and for consolidation to 
OCCUT during the loading period (that is, drainage does not 
occur). The unconsolidated undrained triaxial strength is 
used to determine strengths at the end of construction. 

4.5 Compressive strengths determined using th is  proce- 
dure may not apply in cases where the loading conditions in 
the field differ significantly from those used in this test 
method. 

5. Apparatus 
5.1 Axial Loading Device-The axial compression device 

may be screw jack driven by an electric motor through a 
geared transmission, a hydraulic or pneumatic loading de- 
vice, or any other compression device with sufficient ca- 
pacity and control to provide the rate of loading prescribed 
in 7.5. When the loading device is set to advance at a certain 
rate of strain, the actual rate of strain shall not deviate by 
more than +lo %. Vibrations due to the operation of the 
loading device shall be kept at a minimum. 
NOTE 4-A loading device may be said to provide sufficiently small 

vibrations if there are no visible ripples ip a glass of water placed on the 
loading platen when the device is opemting at the speed at which the test 
is performed. 

5.2 Axial LoadMeasuring Device-The axial load-mea- 
suring device shall be a load ring, electronic load cell, 
hydraulic load cell, or any other load-measuring device 
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capable of the accuracy prescribed in this section and may be 
a part of the axial loading device. The axial load-measuring. 
device shall be capable of measuring the axial load to an 
accuracy of 1 9% of the estimated axial load at failure. 

5.3 Chamber Pressure-Maintaining and Measurement 
Device-The chamber pressure-maintaining and measure- 
ment device shall be capable of applying and controlling the 
chamber pressure to within +1 9% of the applied chamber 
pressure. This device may consist of a reservoir connected to 
the triaxial chamber and partially filled with the chamber 
fluid (usually water), with the upper part of the reservoir 
connected to a compressed gas supply; the gas pressure being 
controlled by a pressure regulator and measured by a 
pressure gage, electronic pressure transducer, or any other 
device capable of measuring to the prescribed tolerance. 
However, a hydraulic system pressurized by deadweight 
acting on a piston or any other pressure-maintaining and 
measurement device capable of applying and controlling the 
chamber pressure to the tolerance prescribed in this section 
may be used. 

5.4 Triaxial Compression Chamber-An apparatus shall 
be provided in which the cylindrical specimen, enclosed by a 
membrane sealed to the specimen cap and base, may be 
placed and subjected to a constant hydrostatic fluid pressure. 
The apparatus shall include a bushing and piston, aligned 
with the axis of the specimen, through which the load from 
the axial loading device is transmitted to the specimen 
axially between the specimen cap and base. The bushing and 
piston shall be designed to minimize fricticm and lateral 
thrust to the specimen cap. 

5.5 Specimen Cap and Base-An impermeable rigid cap 
and base shall be used to prevent drainage of the specimen. 
The specimen cap and base shall be constructed of a 
noncorrosive impermeable material, and each shall have a 
circular plane surface of contact with the specimen and a 
circular cross section. The weight of the specimen cap shall 
produce an axial stress on the specimen of less than 1 
kN/m2. The diameter of the cap and base shall be equal to 
the initial diameter of the specimen. The specimen base shall 
be coupled to the triaxial compression chamber so as to 
prevent lateral motion or tilting and the specimen cap shall 
be designed to receive the piston such that the piston-to-cap 
contact area is concentric with the cap. The specimen cap 
during shear shall not tilt more than 5". The cylindrical 
surface of the specimen base and cap that contacts the 
membrane to form a seal shall be smooth and free of 
scratches. 
NOTE 5-The stress produced by the specimen cap can exceed 1 

kN/m2 provided the test data is corrected for the effects of that stress. 

5.6 Deformation Indicator-The deformation indicator 
shall be a dial indicator capable of measuring axial deforma- 
tion to within 0.03 % of the specimen height and having a 
travel range of at least 20 % of the initial height of the test 
specimen, or any other measuring device, such as electronic 
deformation measuring devices, meeting these requirements 
of readability and range. 

5.7 Rubber Membranes-The rubber membrane used to 
encase the specimen shall provide reliable protection against 
leakage. Membranes shall be carefully inspected prior to use, 
and if any flaws or pinholes are evident, the membrane shall 
be discarded. In order to offer minimum restraint to the 
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specimen, the unstretched membrane'diameter shall be 
ween 90 and 95 9% of that of the specimen. The mem- 

,.me thickness shall not exceed 1 95 of the diameter of the 
specimen. The membrane shall be sealed to the specimen 
base and cap by any method that will produce a positive seal. 
An equation for correcting the principal stress difference 
(deviator stress) for the effect of the stiffness of the mem- 
brane is given in 8.5. 

NOTE &The membrane is typicaUy sealed using O-rings with silicon 
grease between the cap and base and the membrane. 

5.8 Sample Extruder-The sample extruder shall be ca- 
pable of extruding the soil core from the sampling tube in the 
same direction of travel in which the sample entered the tube 
and with minimum djsturbance nfthe .?n,~!!e. Ifthe ~2 zcf2 
is not extruded vertically, care should be taken to avoid 
bending stresses on the core due to gravity. Conditions at the 
time of sample removal may dictate the direction of re- 
moval, but the principal concern is to keep the degree of 
disturbance minimal. 

5.9 Specimen Size Measurement Devices-Devices used 
to measure the height and diameter of the specimen shall be 
capable of measuring the desired dimension to within 0.1 !% 
of its actual length and shall be constructed such that their 
use wil l  not disturb the specimen. 

5.10 Timer-A timing device indicating the elapsed 
testing time to the nearest 1 s shall be used for establishing 
the rate of strain application prescribed in 7.5. 

5.11 Balances-The balance used to weigh specimens 
-ball determine the mass of the specimens to within 0.1 9% of 

2 total mass. 
5.12 Apparatus for Water Content, as specified in Method 

D 2216. 
5.13 Miscellaneous Apparatus-Specimen trimming and 

carving tools, membrane and O-ring expanders, compaction 
apparatus, and data sheets as required. 

6. Test Specimens 
6.1 Specimen Size-Specimens shall have a minimum 

diameter of 30 mm and the largest particle contained within 
the test specimen shall be smaller than '16 of the specimen 
diameter. If, after completion of a test, it is found that 
oversize particles are present, indicate this information in the 
report of test data under remarks. Determine the average 
height and diameter of the test specimen using the apparatus 
specified in 5.9. Take a minimum of three height measure- 
ments ( 120" apart) and at least three diameter measurements 
at each of the quarter points of the height. The height- 
to-diameter ratio of the specimen shall be between 2 and 2.5. 

NOTE 7-If large soil particles are found in the specimen after testing, 
a panicle-size analysis in accordance with Method D422 may be 
performed to confirm the visual observation and the results provided 
with the test report. 

6.2 Undisturbed Specimens-Prepare undisturbed speci- 
mens from large undisturbed samples or from samples 
secured in accordance with Practice D 1587 or other accept- 
-5le undisturbed tube sampling procedures. Undisturbed 

Mples shall be preserved and transported as outlined for 
Groups C or D samples in Practices D4220. Specimens 
obtained by tube sampling may be tested without trimming, 
except for the squaring of ends, provided soil characterkics 

are such that no significant disturbance results from sam 
pling and the specimen is uniformly circular. Handle speci 
mens carefully to minimize disturbance, changes in cros 
section, or loss of water content. If compression or any typc 
of noticeable disturbance would be caused by the extrusioi 
device, split the sample tube lengthwise or cut it off in smal 
sections to facilitate removal of the specimen with minimun 
disturbance. Prepare trimmed specimens in an environmen 
where the change in the water content of the soil i' 
minimized (Note 8). Specimens shall be of uniform, circula 
cross section perpendcular to the axis of the specimen 
Where pebbles or crumbling result in excessive irregularit! 
along the outside edges of the specimen or at the ends, pad 
soil from the trimmings in the irregularities to produce thc 
desired surface. As an alternative; the ends of the @mer 
may be capped with a minimal thickness of plaster of paris 
hydrostone, or similar material. Where soil condition! 
permit, a vertical lathe accommodating the total sample maj 
be used as an aid in trimming the specimen to the requirec 
diameter. Determine the mass and dimensions of the tes 
specimen in accordance with 5.9 and 5.1 1. If the specimen i! 
to be capped, determine its mass and dimensions beforc 
capping. Enclose the specimen in the rubber membrane anc 
seal the membrane to the specimen base and cap immedi. 
ately after preparation. 

NOTE 8-A controlled high-humidity morn is usually used for thi! 
Purpose. 

6.3 Remolded Specimens-Prepare the specimen by fi& 
thoroughly working the undisturbed specimen, which h z  
been tested and is sti l l  encased in the rubber membrane, with 
the fingers. Then reform the specimen by forming within a 
mold having dimensions such that the remolded specimen 
dimensions will be equal to those of the undisturbed 
specimen. Exercise care to avoid entrapping air in the 
specimen. This will aid in obtaining a uniform unit weight, 
in remolding to the same void ratio as the undisturbed 
specimen, and in preserving the natural water content of the 
soil. 

6.4 Compacted Specimens-Prepare specimens using the 
compaction method, predetermined water content, and unit 
weight prescribed by the individual assigning the test. Com- 
pacted specimens may be prepared by compacting material 
in at least six layers, using a pressing or kneading' action, into 
a split mold of circular cross section having dimensions 
meeting the requirements of 6.1. Material required for the 
specimen shall be batched by thoroughly mixing soil with 
sufficient water to produce the desired water content. After 
batching, store the material in a covered container for at least 
16 h prior to compaction. Specimens may be molded to the 
desired density by either: (I) kneading or tamping each layer 
until the accumulative weight of the soil placed in the mold 
is compacted to a known volume or (2) by adjusting the 
number of layers, the number of tamps per layer, and the 
force per tamp. Scarify the top of each layer prior to the 
addition of material for the next layer. The tamper used to 
compact the material shall have an area in contact with the 
soil equal to or less than '12 the area of the mold. After a 
specimen is formed, with the ends perpendicular to the 
longitudinal axis, remove the mold and determine the mass 
and dimensions of the specimen using the devices described 
in 5.9 and 5.11. Perform one or more water content 



ieterminations on excess material used to prepare the 
,peumen in accordance with Method D 22 16. 

NOTE 9-It is common for the unit weight of the specimen after 
-emoval from the mold to be less than the value based on the volume of 
the mold. This occurs as a result of the specimen swelling after removal 
Df the lateral confinement due to the mold. 

NOTE 10-Experience indicates that it is difficult to compact, 
handle, and obtain valid results with specimens that have a degree of 
saturation that is greater than about 90 5%. 

7. Procedure 
7.1 Place the membrane on the membrane expander or, if 

it is rolled onto the specimen, roll the membrane onto the 
cap or base. Place the specimen on the base. Place the rubber 
membrane around the specimen and seal it at the cap and 
base with O-rings or other positive seaIs at each end. A thin 
coating of silicon grease on the vertical surfaces of the cap or 
base will aid in sealing the membrane. 

7.2 With the specimen encased in the rubber membrane, 
which is sealed to the specimen cap and base and positioned 
in the chamber, assemble the triaxial chamber. Bring the 
axial load piston into contact with the specimen cap several 
times to permit proper seating and alignment of the piston 
sith the cap. When the piston is brought into contact the 
final time, record the reading on the deformation indicator. 
During this procedure, take care not to apply an axial stress 
to the specimen exceeding approximately 0.5 96 of the 
estimated compressive strength. If the weight of the piston is 
Nmcient to apply an axial stress exceeding approximately 
0.5 % of the estimated compressive strength, lock the piston 
in place above the specimen cap after checking the seating 
and alignment and keep locked until application of the 
chamber pressure. 

7.3 Place the chamber in position in the axial loading 
device. Be careful to align the axial loading device, the axial 
load-measuring device, and the triaxial chamber to prevent 
the application of a lateral force to the piston during testing. 
Attach the pressure-maintaining and measurement device 
and fill the chamber with the confining liquid. Adjust the 
pressure-maintaining and measurement device to the desired 
chamber pressure and apply the pressure to the chamber 
fluid. Wait approximately 10 min after the application of 
chamber pressure before continuing the test. 
NOTE 1 1-In some cases the chamber will be filled and the chamber 

pressure applied before placemeat in the axial loading device. 
NOTE 12-Make sure the piston is locked or held in place by the 

axial loading device before applying the chamber pressure. 
NOTE 13-The purpose of the waiting period is to allow the spec- 

imen to stab&= under the chamber pressure prior to application of the 
axial load. 

7.4 If the axial load-measuring device is located outside of 
the triaxial chamber, the chamber pressure will produce an 
upward force on the piston that will react against the axial 
loading device. In this case, start the test with the piston 
slightly above the specimen cap, and before the piston comes 
in contact with the specimen cap, either: (1)  measure and 
record the initial piston friction and upward thrust of the 
piston produced by the chamber pressure and later correct 
the measured axial load, or (2) adjust the axial load- 
measuring device to compensate for the friction and thrust. 
If the axial load-measuring device is located inside the 
chamber, it will not be neceSSary to correct or compensate 

for the uplift force acting on the axial loading device or for 
piston friction. In both cases record the initial reading on the 
deformation indicator when the piston contacts the spec-. 
imen cap. 

7.5 Apply the kal load to produce axial strain at a rate of 
approximately 1 %/min for plastic materials and 0.3 %/min 
for brittle materials that achieve maximum deviator stress at 
approximately 3 to 6 % strain. At these rates, the elapsed 
time to reach maximum deviator stress will be approxi- 
mately 15 to 20 min. Continue the loading to 15 % axial 
strain, except loading may be stopped when the deviator 
stress has peaked then dropped 20 ?6 or the axial strain has 
reached 5 9% beyond the strain at which the peak in deviator 
stress occurred. 

7.6 Record load and deformation values at about 0.1 , 0.2, 
0.3,0.4, and 0.5 5% strain; then at increments of about 0.5 9% 
strain to 3 9%; and, thereafter at every 1 %. Take sufficient 
readings to define the stress-strain curve; hence, more 
frequent readings may be required in the early stages of the 
test and as failure is approached. 

NOTE 1 &Alternate intervals for the readings may be used provided 
sufficient points are obtained to define the stress - strain curve. 

7.7 After completion of the tests, remove the test spec- 
imen from the chamber. Determine the water content of the 
test specimen in accordance with Method D 2216 using the 
entire specimen, unless representative cuttings are obtained 
for t h i s  purpose, as in the case of undisturbed specimens. 
Indicate on the test report whether the water content sample 
was obtained before or after the shear test, as required in 
9.1.2. 

7.8 Make a sketch, or take a photo, of the test specimen at 
failure and show the slope angle of the failure surface if the 
angle is visible and measurable. 

8. Calculations 

for a given applied axial load, as follows: 
t = AL/L* 

where: 
At. = change in length of specimen as read from deforma- 

Lo = initial length of test specimen minus any change in 

8.2 Calculate the average cross-sectional area, A, for a 
given applied axial load as follows: 

A = Ao/(l - a) 

where: 
A, = initial average cross-sectional area of the specimen, 

t = axial strain for the given axial load (expressed as a 

8.1 Calculate the axial strain, c (expressed as a decimal), 

tion indicator, and 

length prior to loading. 

and 

decimal). 

NOTE 15-In the event that the application of the chamber pressure 
results in a change in the specimen length, A. should be corrected to 
reflect this change in volume. Frequent!y, @is i s  done by assuming that 
lateral strains are equal to vertical strains. The diameter after volume 
change would be given by D = D d l  - AL/L). 

8.3 Calculate the principal stress difference (deviator 
stress), u, - u3, for a given applied axial load as follows: 



41 - u ~ = P I A  ‘ 
?here: 
-’ = measured applied axial load (corrected for uplift and 

A = corresponding average cross-sectional area. 
8.4 Stress-Strain Curve-Prepare a graph showing the 

relationship between principal stress difference (deviator 
stress) and axial strain, plotting deviator stress as ordinate 
and axial strain (in percent) as abscissa Select the compres- 
sive strength and axial strain at failure in accordance with the 
definitions in 3.2.1 and 3.2.2. 

8.5 Correction of Strength Due to Stiffness of Rubber 
Membrane-Assuming units are consistent, the following 
equation, or other acceptable equations, shall be used to 
correct the prkcii-31 P-W 5Tcrace or deviaior srress for 
the effect of the rubber membrane if the error in principal 
stress difference due to the stiffness of the membrane exceeds 
5 %: 

piston friction, if required see 7.4), and 

where: 
A(ul - c3) = correction to be subtracted from the mea- 

sured principal stress difference, 

= 2 = diameter of specimen, 

= Young’s modulus for the membrane material, 
= thickness of the membrane, and 
= axialstrain. 

8.5.1 The Young’s modulus of the membrane material 
may be determined by hanging a 10.0-mm wide strip of 
membrane over a thin rod, placing another rod along the 
bottom of the hanging membrane, and measuring the force 
per unit strain obtained by stretching the membrane. The 
modulus value may be computed using the following equa- 
tion assuming units are consistent 

FL E,,, = - 
A?& 

D 

E m  
t 

where: 
E,,, = Young’s modulus of the membrane material, 
F = force applied to stretch the membrane, 
A, = twice the initial thickness of the membrane multi- 

plied by the width of the membrane strip, 
L = unstretched length of the membrane, and 
A J ~  = change in length of the membrane due to application 

of F. 
A typical value of E, for latex membrane is 1400 kN/m2. 

NOTE 1 &The effect of the stiffness of the membrane on the lateral 
stress is usually assumed to be negligible. 

NOTE 17-The correction for rubber membranes is based on simpli- 
fied assumptions concerning their behavior during shear. Their actual 
behavior is complex and there is not a consensus on more exact 
corrections 

8.6 Calculate.the major and minor principal total stresses 
st failure as follows: 

u3 = minor principal total stress = chamber pressure, anc 
c1 = major principal total stress = deviator stress at f d u ~  

8.7 Calculate the initial degree of saturation of the te: 
specimen using the initial mass and dimensions. 
NOTE 18-The specific gravity determined in accordance with Te 

Method D 854 is required for calculation of the degree of saturation, ( 
an assumed value may be used provided it is noted in the test report th; 
an assumed value was used. 

9. Report 

plus chamber pressure. 

9.1 The report shall include the following: 
9.1.1 Identification and visual description of specimer 

including soil group name, symbol, whether specimen i 
~m!c!~rM-, m~~!ded ,  Gi c~i i ip~i tx i ,  and The iiice. 
include specimen identifying information, such as projea 
location, boring number, sample number, depth, and th 
like. Visual descriptions shall be made in accordance wid 
Practice D 2488. 

9.1.2 Initial dry unit weight and water content (specify j 
the water content specimen was obtained before or after th 
shear and from cuttings or the entire specimen). 

9.1.3 Degree of saturation. 
9.1.4 Height and diameter of the specimen. 
9.1.5 Height to diameter ratio. 
9.1.6 The value of the compressive strength and the value 

of the minor and major principal stresses at failure. 
9.1.7 Stress - strain curve as described in 8.4. 
9.1.8 Axial strain at failure, in percent. 
9.1.9 Average rate of axial strain to failure, percent pe 

minute. 
9.1.10 Liquid and plastic limits, if determined, in accord 

ance with Test Method D 4318. 
9.1.11 Sketch dr photo showing type of failure, that is 

bulge, diagonal shear, and the like. 
9.1.12 Particle-size analysis, if determined, in accordancx 

with Method D 422. 
9.1.13 If a membrane correction was used, the report shal 

state that a membrane correction was used to adjust the 
compressive strength and must indicate the membrane 
correction equation that was used. 

9.1.14 In a remarks section note any unusual conditions 
or other data that would be considered necesary to properly 
interpret the results obtained, for example, slickensides, 
stratification, shells, pebbles, roots, or brittleness. 

10. Precision and Bias 
10.1 No method presently exists to evaluate the precision 

of a group of viaxial compression tests on undisturbed 
specimens, due to specimen variability. Undisturbed soil 
specimens from apparently homogeneous soil deposits at the 
same location often exhibit significantly different strength 
and stress - strain properties. 

10.2 A suitable test material and method of specimen 
preparation have not been developed for the determination 
of laboratory variances of compacted specimens due to the 
difficulty in producing identical cohesive soil specimens. No 
estimates of precision for this test method are available. 

. .  
I . .. 
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Designation: D 2974 - 87 ' 4Tb 
Standard Test Methods for ' 

Moisture, Ash, and Organic Matter of Peat and Other Organic 
Soils' 

This standad is issued under the fixed designation D 2974; the number immediately fobwing the designation indicates the ycar of 
original adoption or, in the case of d o n .  the year of lan e o n .  A number in parentheses indicates the year of last reapproval. A 
supmcript epsilon (e) indicates an editorial change s i n e  the last revision or rcapproval. 

1. scope 
1.1 These test methods cover the measurement of mois- 

ture content, ash content and organic matter in pea& and 
other organic soils, such as organic clays, silts, and mucks. 

1.2 The values stated in SI units are to be regarded as the 
standard. 

1.3 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. 

,-' 

2. Summary of Methods 
2.1 Method A-Moisture is determined by drying a peat 

or organic soil sample at 105'C. The moisture content is 
expressed either as a percent of the oven dry mass or of the 

-received mass. 
2.2 Method B-This is an alternative moisture method 

which removes the total moisture in two steps: (I) evapora- 
tion of moisture! in air at room temperature (airdrying), and 
(2) the subsequent oven drying of the airdried sample at 
105°C. This method provides a more stable sample, the 
airdried sample, when tests for nitrogen, pH, cation ex- 
change, and the like are to be made. 

2.3 Methodr C and &Ash content of a peat or organic 
soil sample is determined by igniting the ovendried sample 
from the moisture content determination in a muffle furnace 
at 440°C (Method C) or 750°C (Method D). The substance 
remaining after ignition is the ash. The ash content is ex- 
pressed as a percentage of the mass of the ovendried sample. 

2.4 Organic matter is determined by subtracting percent 
ash content from one hundred. 

3. Apparatus 

ature of 105 f 5°C. 
3.1 Oven, capable of being regulated to a constant temper- 

Nm-The temperam of 105% is quite critical for organic soils 
The oven should be checked for 'hot spots" to avoid possible ignition of 
the specimen. 

3.2 Mufle Furnace, capable of producing constant tem- 
peratures of 440°C and 750°C. 

' 3.3 Evaporating Dishes, of high silica or porcelain of nc 
less than 100-mL capacity. 

3.4 Blender, high-speed. 
3.5 Aluminum Foil, heavy-duty. 
3.6 Porcelain Pan, Spoons, and equipment of the like. 
3.7 Desiccator. 

4. Preparation of Sample 
4.1 Place a representative field sample on a square rubh 

sheet, oil cloth, or equivalent material. Reduce the sample 1 
the quantity required by quartering and place in a moisturc 
proof container. Work rapidly to prevent moisture loss ( 

perform the operation in a room.with a high humidity. 

MOI!jTURECONTENT 

5. MethodA 
5.1 Record to the nearest 0.01 g the mass of a high silic 

or porcelain evaporating dish fitted with a heavy-duty al 
minum foil cover. The dish shall have a capacity of not le 
than100mL. . 

5.2 Mix thoroughly the representative sample and place 
test specimen of at least 50 g in the container described 
5.1. Crush soft lumps with a spoon or spatula. The thickne 
of peat in the container should not exceed 3 cm. 

5.3 Cover immediately with the aluminum foil cover a~ 
record the massto the nearest 0.01 g. 

5.4 Dry uncovered for at least 16 h at 105'C or until the 
is no change in mass of the sample after further  dry^ 
periods in excess of' 1 h. Remove from the oven, cot 
tightly, cool in a desiccator, and record the mass. 

6. Method A Calculation 
6.1 Calculate the moisture content as follows: 

Moisture Content, % = [(A - B) x 100]/A 
where: 
A = mass of the as-received test specimen, g, and 
B = mass of the ovendried specimen, g. 

6.1.1 This calculation is used primarily for agricultu 
forestry, energy, and horticultural purposes and the res 
should be referred to as the moisture content as a percenti 
of as-received or total mass. 

6.2 An alternative calculation is as follows: 
Moisture Content, % = [(A - B) x lOO]/B 

specimen, g, and 

I These test methods are under the jurisdicrion of ASlW Committee D I8 on 
Soil and Rock and an the d i ru t  responsibility of Subarmminee D18.18 on Peat5 
and Rclated Materials. 

Current edition approvec! .May 29;, 1987. Published July 1987. Originauy 
published as D 2914 - 11. last pkvious edition D 2974 - 84. 

,,,here: 
A = as-reCeived 
B = mass of the ovendried specimen, g. 
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6.2.1 This calculation is used primarily for geotechnical 
purposes and the result should be referred to as the moisture 
content as a percentage of oven-dried mass. 
6.3 Take care to indicate the calculation method used. 

7. Method B 
7.1 This method should be used if pH, nitrogen content, 

cation exchange capacity, and the like are to be tested. 
7.2 Mix the sample thoroughly and select a 100 to 300 g 

representative sample. Determine the mass of this sample 
and spread evenly on a large flat pan. Crush soft lumps with 
a spoon or spatula and let the sample come to moisture 
equilibrium with room air. This will require at least 24 h. Stir 
occasionally to maintain maximum air exposure of the entire 
sample. When the mass of the sample reaches a constant 
value, calculate the moisture removed during air drying as a 
percentage of the as-received mass. 
7.3 Grind a representative portion of the airdried sample 

for 1 to 2 min in a high-speed blender. Use the ground 
portion for moisture, ash, nitrogen, cation exchange capacity 
tests, and the like. 
7.4 Thoroughly mix the air-dried, ground sample. Weigh 

to the nearest 0.01 g the equivalent of 50 g of test specimen 
on an as-received basis. Determine the amount, in grams, of 
airdried sample equivalent to 50 g of as-received sample, as 
follows: 

Equivalent Sample Mass, g = 50.0 - [(SO x M)/100] 
where: 
M = moisture removed in air drying, %. 

proceed as in Method A. 
7.5 Place the sample in a container as described in 5.1 and 

8. Method B Calculation 
8.1 Calculate the moisture content as follows: 

where: 
B = oven-dried sample, g. 

centage of as-received mass. 

Moisture Content, % = (50 - B) X 2 

8.1.1 This calculation gives moisture content as a per- 

8.2 An alternative calculation is as follows: 

8.2.1 This calculation gives moisture content as a per- 
Moisture Content, % = [(50 - B) X 100]/B 

centage of oven-dried mass. 

ASHCONTENT 

9. MethodC 
9.1 Determine the mass of a covered high-silica or porce- 

lain dish. 
9.2 Place a part of or all of the oven-dried test specimen 

from a moisture determination in the dish and determine the 
mass of the dish and specimen. 
9.3 Remove the cover and place the dish in a mume 

furnace. Gradually bring the temperature in the furnace to 
440°C and hold until the specimen is completely ashed (no 
change of mass occurs after a further period of heating). 

9.4 Cover with the retained aluminum foil cover, cool in a 
desiccator, and determine the mass. 

9.5 This method should be used for all geotechnical and 
general classification purposes. 

10. MethodD 
10.1 Determine the mass of a covered high-silica or por- 

celain dish. 
10.2 Place a part of or all of the oven-dried test specimen 

from a moisture determination in the dish and determine the 
mass of the dish and specimen. 
10.3 Remove the cover and place the dish in a mume 

furnace. Gradually bring the temperature in the furnace to 
750°C and hold until the specimen is completely ashed (no 
change of mass occurs after a further period of heating). 
10.4 Cover with the retained aluminum foil cover, cool in 

a desiccator, and determine the mass. 
10.5 This method should be used when peats are being 

evaluated for use as a fuel: 

11. Calculation for Methods C and D 
11.1 Calculate the ash content as follows: 

Ash Content, % = (C x 1OO)lB 
where: 
C = ash, g, and 
B = oven-dried test specimen, g. 

ORGANIC MATTER 

12. Calculation 

ence, as follows: 

where: 
D = ash content, %. 

12.1 Determine the amount of organic matter by differ- 

Organic matter, % = 100.0 - D 

13. Report 
13.1 Report the following information: 
13.1.1 Results for organic matter and ash content, to the 

nearest 0.1 %. 
13.1.2 Furnace temperature used for ash content determi- 

nations. 
13.1.3 Whether moisture contents are by proportion of 

as-received mass or oven-dried mass. 
13.1.3.1 Express results for moisture content as a per- 

centage of as-received mass to the nearest 0.1 %. 
13.1.3.2 Express results for moisture content as a per- 

centage of ovendried mass as follows: 
(4) Below 100 % to the nearest 1 %. 
(b) Between 100 % and 500 5% to the nearest 5 %. 
(c) Between 500 9% and 1000 % to the nearest 10 %. 
(d) Above 1000 % to the nearest 20 %. 

14. Recision and Bias 
14.1 The precision and bias of these test methods have not 

been determined. Data are being sought for use in devel- 
oping a precision and bias sta m 2 2 3  : 

? *  . 
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(b Designation: D 3080 - 90 

Standard Test Method for 
Direct Shear Test of Soils Under Consolidated 
Drained Conditions‘ 

This standard is issued under the fixed designation D 3080; the number immediately following the designation indicates the year of 
original adoption or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
supemript epsilon (6) indicates an editorial change since the last revision or reapproval. 

1. Scope 
1 .1  This test method covers the determination of the 

consolidated drained shear strength of a soil material in 
direct shear. The test is performed by deforming a specimen 
at a controlled strain rate on or near a single shear plane 
determined by the configuration of the apparatus. Generally, 
three or more specimens are tested, each under a different 
normal load, to determine the effects upon shear resistance 
and displacement, and strength properties such as Mohr 
strength envelopes. 

1.2 Shear svesse~ and displacements are nonuniformly 
distributed within the specimen. An appropriate height 
cannot be defined for calculation of shear strains. Therefore, 
stress-strain relationships or any assoCiated quantity such as 
modulus, cannot be determined from this test. 

1.3 The determination of strength envelopes and the 
development of criteria to interpret and evaluate test results 
are left to the engineer or offce requesting the test. 

1.4 The results of the test may be affected by the presence 
of soil or rock particles, or both, (see Section 7). 

1.5 Test conditions including normal stress and moisture 
environment are selected which represent the field condi- 
tions being investigated. The rate of shearing should be slow 
enough to ensure drained conditions. 

1.6 The values stated in inch-pound units are to be 
regarded as the standard. Within this test method the SI units 
are shown in brackets. The values stated in each system are 
not exact equivalents; therefore, each system must be used 
independently of each other. 

1.7 This standard does not purport to address the safety 
problems associated with its use. It is the responsibility of the 
user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to me. 

2. Referenced Documents 
2.1 ASTM Standards: 
D 422 Method for Particle-Size Analysis of Soils’ 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids’ 
D698 Test Methods for Moisture-Density Relations of 
Soils and Soil Aggregate Mixtures Using 5.5 lb (2.49 kg) 

This tat method is under the jurisdiction of A m  Committee D18 on Soil 
and Rock and is the dim responsibili*r of Subcommittee Dl8.05 on Structural 

Cumnt edition approved Nov. 30, 1990. Published January 1991. Originally 
Roprtics of so i  
@kW a~ D 3080 - 72. M pnviouS edition D 3080 - 72(79). 

Annual Book of RSTM Stadardr, Vol04.08. 

Rammer and 12411. (305 mm) Drop2 
D 854 Test Method for Specific Gravity of Soils’ 
D 1557 Test Methods for Moisture-Density Relations of 
Soils and Soil Aggregate Mixtures Using 10-lb (4.54 kg) 
Rammer and 18-in. (457 mm) Drop’ 

D 1587 Practice for Thin-Walled Tube Sampling of Soils’ 
D2216 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil Aggregate 
Mixtures2 

D2435 Test Method for One Dimensional Consolidation 
Properties of Soils’ 

D2487 Test Method for Classification of Soils for Engi- 
neering Purposes2 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Procedure)’ 

D4220 Practices for Preserving and Transporting Soil 
Samples2 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 
Plasticity Index of Soils’ 

D 4753 Specifications for Evaluating, Selecting, and Spec- 
ifylng Balances and Scales for Use in Soil and Rock 
Testing 

3. Terminology 
3.1 Definitions-For definitions of terms used in this test 

method, refer to Terminology D 653 
3.2 Description of T e r n  Specific to This Standard: 
3.2.1 Relative lateral displacement-the horizontal dis- 

placement of the top and bottom shear box halves. 
3.2.2 Failure-the stress condition at failure for a test 

specimen. Failure is often taken to correspond to the 
maximum shear stress attained, or the shear stress at 15 to 20 
percent relative lateral displacement. Depending on soil 
behavior and field application, other suitable criteria may be 
defined. 

4. Summary of Test Method 
4.1 This test method consists of placing the test specimen 

in the direct shear device, applying a predetermined normal 
stress, providing for wetting or draining of the test specimen, 
or both, consolidating the specimen under the normal stress, 
unlocking the frames that hold the test specimen, and 
displacing one frame horizontally with respect to the other at 
a constant rate of shearing deformation and measuring the 
shearing force and horizontal displacements as the specimen 
is sheared (Fig. 1). 

5. Significance and Use 
5.1 The direct shear test is suited to the relatively rapid 

determination of consolidated drained strength properties 
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FIG. 1 lest Specimens in (a) Single and (b) Double Shear 

because the drainage paths through the test specimen are 
short, thereby allowing excess pore pressure to be dissipated 
more rapidly than with other drained stress tests. The test 
can be made on all soil materials and undisturbed, remolded 

maximum particle size (see 7.2). 
5.2 The test results are applicable to assessing strength in a 

field situation where complete consolidation has occurred 
under the existing normal stresses. Failure is reached slowly 
under drained conditions so that excess pore pressures are 
dissipated. The results from several tests may be used to 
express the relationship between consolidation stress and 
drained shear strength. 
5.3 During the direct shear test, there is rotation of 

principal stresses, which may or may not model field 
conditions. Moreover, failure may not occur on the weak 
plane since failure is forced to occur on or near a horizontal 
plane at the middle of the specimen. The fixed location of 
the plane in the test can be an advantage in determining the 
+ear resistance along recognizable weak planes within the 

,il material and for testing interfaces between dissimilar 
materials. 
5.4 Shear stresses and displacements are nonuniformly 

distributed within the specimen, and an appropriate height is 
not defined for calculating shear Strains or any associated 
engineering quantity. The slow rate of displacement provides 
for dissipation of excess pore pressures, but it also permits 
plastic flow of soft cohesive soils. Care should be taken to 
ensure that the testing conditions represent those conditions 
being investigated. 

5.5 The range in normal stresses, rate of shearing, and 
general test conditions should be selected to approximate the 
specific soil conditions being investigated. 

or ~ n m p a c t d  EE?~I~&. T l r ~ ~ e  is h ~ ~ ~ ~ ~ i ,  z %~?~tkjii ~ f i  

6. Apparatus 
6.1 Shear Device-a device to hold the specimen securely 

between two porous inserts in such a way that torque is not 
applied to the specimen. The shear device shall provide a 
means of applying a normal stress to the faces of the 
specimen, for measuring change in thickness of the spec- 
imen, for permitting drainage of water through the porous 
inserts at the top and bottom boundaries of the specimen, 
and for submerging the specimen in water. The device shall 
be capable of applying a shear force to the specimen in water. 
The device shall be capable of applying a shear force to the 
specimen along a predetermined shear plane (single shear) 
wra.llel to the faces of the specimen. The frames that hold 

ie specimen shall be sufficiently rigid to prevent their 
distortion during shearing. The various parts of the shear 
device shall be made of material not subject to corrosion by 
moisture or substances within the soil, for example, stainless . .  

steel, bronze, or aluminum, etc. Dissimilar metals, which 
may cause galvanic action, are not permitted. 
6.2 Shear Box, a shear box, either circular or square, 

made of stainless steel, bronze, or aluminum, with provisions 
for drainage through the top and bottom. The box is divided 
vertically by a horizontal plane into two halves of equal 
thickness which are fitted together with alignment screws. 
The shear box is also fitted with gap screws, which control 
the space (gap) between the top and bottom halves of the 
shear box. 
6.3 Porous Inserts, Porous inserts function to allow 

drainage from the soil specimen along the top and bottom 
boundaries. They also function to transfer horizontal shear 
stress from the insert to the top and bottom boundaries of 
the specimen. Porous inserts shall consist of silicon carbide, 
aluminum oxide, or metal which is not subject to corrosion 
by soil substances or soil moisture. The proper grade of insert 
depends on the soil being tested. The permeability of the 
insert should be substantially greater than that of the soil, but 
should be textured fine enough to prevent excessive intrusion 
of the soil into the pores of the insert. The diameter or width 
of the top porous insert or plate shall be 0.01 to 0.02 in. (0.2 
to 0.5 mm) less than that of the inside of the ring. If the insert 
functions to transfer the horizontal stress to the soil, it must 
be sufficiently coarse to develop interlock. Sandblasting or 
tooling the insert may help, but the surface of the insert 
should not be so irregular as to cause substantial stress 
concentrations in the soil. 
NOTE I-Exact criteria for insert texture and permeability have not 

been established. For normal soil testing, medium grade inserts with a 
permeability of about 0.5 to 1.0 x IO3 ft/yr (5.0 X lo4 to 1.0 X 
m/s) are appropriate for testing silts and clays, and coarse grade inserts 
with a permeability of about 0.5 to 1 .O X IO5 ft/y (0.05 to 0.10 cm/s) are 
appropriate for sands: It is important that the permeability of the porous 
insert is not reduced by the collection of soil particles in the pores of the 
insert; hence frequent checking and cleaning (by flushing and boiling, or 
by ultrasonic cleaning) are required to ensue the nefeSSary perme- 
ability. 

6.4 Loading Devices: 
6.4.1 Device for Applying and Measuring the Normal 

Force-The normal force is applied by a lever loading yoke 
which is activated by dead weights (masses) or by a pneu- 
matic loading device. The device shall be capable of main- 
taining the normal force to within 2 1 percent of the specified 
force quickly without exceeding it. 
6.4.2 Device for Shearing the Specimen-The device shall 

be capable of shearing the specimen at a uniform rate of 
displacement, with less than k 5  percent deviation, and 
should permit adjustment of the rate of displacement from 
0.0001 to 0.04 in./min (.0025 to 1.0 mm/min). The rate to 
be applied depends upon the consolidation characteristics of 
the soils (see 9.12. I). The rate is usually maintained with an 
electric motor and gear box arrangement and the shear force 
is determined by a load indicating device such as a proving 
ring or load cell. 
6.4.3 The weight of the top shear box should be less than 

1 percent of the applied normal force: this may require that 
the top shear box be modified and 'supported by counter 
force. 
NOTE 2-Shearing the test specimen at a rate greater than specified 

may produce partially drained shear results that will differ from the 
drained strength of the material. 



6.5 Shear force measurement deice-A proving ring or 
load cell accurate to 0.5 lbf (2.5 N), or 1 percent of the shear 
force at failure, whichever is greater. 
6.6 Shear box bowl-A metallic box which supports the 

shear box and provides either a reaction against which one 
half of the shear box is restrained, or a solid base with 
provisions for aligning one half of the shear box, which is free 
to move coincident with applied shear force in a horizontal 
plane. 
6.7 Controlled High Humidity Room, if required, for 

preparing specimens, such that water content gain or loss 
during specimen preparation is minimized. 
6.8 Trimmer or Cutting Ring, for trimming oversized 

samples to the inside dimensions of the shear box with a 
minimum of disturbance. An extenor jig may be needed to 
maintain the shear box alignment. 
6.9 Balances-in accordance with Test Method D 2216. 
6.10 Deformation Indicators-Either dial gages or dis- 

placement transformers capable of measuring the change in 
thickness of the specimen, with a sensitivity of at least 0.000 1 
in. (0.0025 mm) and to measure horizontal displacement 
with sensitivity of at least 0.001 in. (0.025 mm). 
6.11 Apparatus for Determination of Water Content, as 

specified in Test Method D 22 16. 
6.12 Equipment for Remolding or Compacting Specimens, 

if applicable. 
6.13 Miscellaneous Equipment, including timing de4ce 

with a second hand, distilled or demineralized water, spat- 
ulas¶ knives, straightedge, wire saws, etc., used in preparing 
the specimen. 

7. Test Specimen 
.7.1 The sample used for specimen preparation should be 

sufficiently large so that a minimum of three similar speci- 
mens can be prepared. Prepare the specimens in a controlled 
temperature and humidity environment to minimize mois- 
ture loss or gain. 
7.1.1 Extreme care should be taken in preparing undis- 

turbed specimens of sensitive soils to prevent disturbance to 
the natural soil structure. Determine the initial mass of the 
wet specimen for use in calculating the initial water content 
and unit weight of the specimen. 
7.2 The minimum specimen diameter for circular speci- 

mens, or width for square specimens, shall be 2.0 in. (50 
mm), or not less than 10 times the maximum particle size 
diameter, whichever is larger, and conform to the width to 
thickness ratio specified in 7.4. 
7.3 The minimum initial specimen thickness shall be 0.5 

in. (12 mm), but not less than six times the maximum 
particle diameter. 
7.4 The minimum specimen diameter to thickness or 

width to thickness ratio shall be 2:l. 
NOTE 3-If large soil particles are found in the soil after testing, a 

particle size analysis should be performed in accordance with Method 
D422 to confirm the visual observations, and the result should be 
provided with the test report. 

7.5 Specimen Preparation: 
7.5.1 Undisturbed specimens-Prepare undisturbed speo 

imens from large undisturbed samples or from samples 
secured in accordance with Practice D 1587, or other undis- 
turbed tube sampling procedures. Undisturbed samples shall 
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be preserved and transported as outlined for Group C or D 
samples in Practice D 4220. Handle specimens carefully to . 
minimize disturbance, changes in cross section, or loss of 
water content. If compression or any type of noticeable 
disturbance would be caused by the extrusion device, split 
the sample tube lengthwise or cut it off in small sections to 
facilitate removal of the specimen with minimum distur- 
bance. Prepare trimmed specimens, whenever possible, in an 
environment which will minimize the gain or loss of 
specimen moisture. 

NOTE 4-A controlled high-humidity room is desirable for this 
PUrpo=. 
7.5.2 Compacted specimens-Specimens shall be pre- 

pared using the compaction method, water content, and unit 
weight prescribed by the individual assigning the test. As- 
semble and secure the shear box. Place a moist porous insert 
in the bottom of the shear box. Specimens may be molded by 
either kneading or tamping each layer until the accumulative 
mass of the soil placed in the shear box is compacted to a 
known volume, or by adjusting the number of layers, the 
number of tamps per layer, and the force per tamp. The top 
of each layer shall be scarified prior to the addition of 
material for the next layer. The compacted layer boundaries 
should be positioned so they are not coincident with the 
shear plane defined by the shear box halves, unless this is the 
stated purpose for a particular test. The tamper used to 
compact the material shall have an area in contact with the 
soil equal to or less than 112 the area of the mold. Detepnine 
the mass of wet soil required for a single compacted lift and 
place it in the shear box. Compact the soil until the desired 
unit weight is obtained. Continue placing and compacting 
soil until the entire specimen is compacted. 
NOTE 5-A light coating of grease applied to the inside of the shear 

box may be used to reduce friction between the specimen and shear box 
during consolidation. However, the upper ring in some shear devices 
requires fiction to support the ring after the shear plates have been 
gapped. A light coating of grease applied between the halves of the shear 
box may be used to reduce friction between the halves of the shear box 
during shear. TFE-fluorocarbon coating may also be used on these 
surfaces instead of grease to reduce friction. 
NOTE &The required thickness of the compacted lift may be 

determined by directly measuring the thickness of the lift, or from the 
marks on the tamping rod which correspond to the thickness of the lift 
being placed. 

N m  7-The decision to dampen the porous i i  by inundating 
the shear box before applying the normal force depends on the problem 
under study. For undisnubed samples obtained below the water table, 
the porous inserts are usually dampened. For swelling soils, the sequence 
of consolidation, wetting, and shearing should model field conditions. 
Determine the compacted mass of the specimen from either the 
measured mass placed and compacted in the mold, or the difference 
between the mass of the shear box and compacted specimen and the tare 
mass of the shear box. 

7.6 Material required for the specimen shall be batched by 
thoroughly mixing soil with sufficient water to produce the 
desired water content. Allow the specimen to stand prior to 
compaction in accordance with the following guide: 

Classification D2487 Minimum Standing Time, h 
No Requirement sw, SP 

SM 3 
SC, MI., CL 18 
MH, CH 36 

7.7 Compacted specimens may also be prepared by com- 
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pacting soil using the procedures and.equipment used to 
'stermine moisturedensity relationships of soils (Test 
.ethods D 698 or D 1557), and trimming the direct shear 

test specimen from the larger test specimen as though it were 
an undisturbed specimen. 

8. Calibration 
8.1 The calibration is to determine the deformation of the 

apparatus when subject to the consolidation load, so that for 
each normal consolidation load the apparatus deflection may 
be subtracted from the observed deformations. Therefore, 
only deformation due to sample consolidation wil l  be 
reported for complete tests. Calibration for the equipment 
loaddeformation characteristics need to be performed on 

parts are changed. 
8.2 Assemble the direct-shear device with a metal calibra- 

tion disk or plate of a thickness approximately equal to the 
desired test specimen and about '14 in. (5 mm) smaller in 
diameter or width. 

8.3 Position the normal displacement indicator. Adjust 
this indicator so that it can be used to measure either 
consolidation or swell from the calibration disk or plate 
reading. Record the zero or "no load" reading. 

8.4 Apply increments of normal force up to the equip 
ment limitations, and record the normal displacement indi- 
cator reading and normal force. Remove the applied normal 
force in reverse sequence of the applied force, and record the 
normal displacement indicator reading and normal force. 
Zverage the values and plot the load deformation of the 
>paratus as a hnction of normal load. Retain the results for 

future reference in determining the thickness of the test 
specimen and compression within the-test apparatus itself. 

t_h_e appzE??r?s ?VhE! fie- =kc& i", senice, or -::!xz appaiitii 

8.5 Remove the calibration disk or plate. 
NOTE 8-Other methods of proven accuracy for calibrating the 

apparatus are acceptable. 

9. Procedures 
9.1 Assemble the shear box. 
9.1.1 Undisturbed Specimen-Place moist porous inserts 

over the exposed ends of the specimen in the shear box; place 
the ' shear box containing the undisturbed specimen and 
porous inserts into the shear box bowl and attach the shear 
box. 

NOTE 9-For some apparatus, the top half of the shear box is held in 
place by a notched rod which fits into a receptacle in the top half of the 
shear box. The bottom half of the shear box is held in place in the shear 
box bowl retaining bolts. For some apparatus, the top half of the shear 
Sox is held in placed by an anchor plate. 

9.1.2 Compacted Specimen-Place the shear box con- 
taining the compacted specimen and porous inserts into the 
shear box bowl and attach the shear box. 

9.2 Connect and adjust the shear force loading system so 
that no force is imposed on the load measuring device. 

9.3 Properly position and adjust the horizontal displace- 
ment measurement device used to measure shear displace- 
ment. Obtain an initial reading or set the measurement 

9.4 Place a moist porous insert and load transfer plate on 
evice to indicate zero displacement. 

the top of the specimen in the shear box. 

9.5 Place the normal force loading yoke into position a 
adjust it so the loading bar is horizontal. For dead load lei 
loading systems, level .the lever. For pneumatic loadi 
systems, adjust the yoke until it sits snugly against the reo 
in the load transfer plate, or place a ball bearing on the la 
transfer plate and adjust the yoke until the contact is snq 

9.6 Apply a small normal load to the specimen. Ver 
that all components of the loading system are seated a 
aligned. The top porous insert and load transfer plate mi 
be aligned so that the movement of the load transfer pl; 
into the shear box is not inhibited. Record the"appli 
vertical load and horizontal load on the system. 

NOTE 10-The normal stress applied to the specimen should 
approximately I 1bf/im2 (7 kPa). 

9.7 Attach and adjust the vertical displacement measu 
ment device. Obtain initial reading for the vertical measu 
ment device and a reading for the horizontal displacemc 
measurement device. 

9.8 If required, fill the shear box with water, and keel 
full for the duration of the test. 

9.9 Calculate and record the normal force required 
achieve the desired normal stress or increment there 
Apply the desired normal stress by adding the appropn 
mass to the lever arm hanger, or by increasing the pneums 
PXSSUre. 

NOTE 1 I-The normal force used for the specimen will depend ul 
the data required. Application of the normal force in one increment r 
be appropriate for relatively firm soils. For relatively soft soils, appl 
tion of the normal force in several increments may be ne- 
prevent damage to the specimen. 

9.10 Apply the desired normal load or increments ther 
to the specimen and begin recording the normal deformatj 
readings against elapsed time. For all load increments, vel 
completion of primary consolidation before proceeding ( 
Test Method D 2435). Plot the normal displacement ver 
either log of time or square root of time (in min). 

9.1 1 After primary consolidation is completed, remc 
the alignment screws or pins from the shear box. Open 
gap between the shear box halves to approximately 0.025 
(0.64 mm) using the gap screws. Back out the gap screws 

NOTE 12-There may be instances when the gap between the pl, 
should be increased to accommodate sand sizes greater than 
specified gap. Presently there is insufficient information available 
specifying gap dimension based on particle size distribution. 

9.12 Shear the specimen. 
9.12.1 Select the appropriate displacement rate. Shear 

specimen at a relatively slow rate so that no excess p 
pressure would exist at failure. The following equation sl 
be used as a guide to determine the estimated'minimum ti 
required from the start of the test to failure: 

where: 
t/ = total estimated elapsed time to failure, min, 
tSo = time required for the specimen to achieve 50 perc 

'/= 50t56 

consolidation under the specified normal stress 
increments thereof), min. 

NOTE 13-If the nomial displacement versus square root of t 
used, tm can be calculated from the,time to complete 90.9% consol 
tion using the following expression: 
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f90 
t,, = - 

4.28 

= time required for the specimen to achieve 90 percent 
consolidation under the specified normal stress (or 
increment thereof), min. 

28 = constant, relates displacement and time factors at 50 
and 90 percent consolidation. 

NOTE 14-If the material exhibits a tendency to swell, the soil must 
! inundated with water and must be permitted to achieve equilibrium 
ider an increment of normal stress large enough to counteract the swell 
ndency before the minimum time to failure can be determined. The 
rne-consolidation curve for subsequent normal stress increments are 
Len valid for use in determining 1/. 
NOTE 15-Some soils, such as dense sands and over consolidated 

ays, may not exhibit well defined timasettlement curves. Conse- 
uently, the calculation of t, may produce an inappropriate estimate of 
le time required to fail the specimen under drained conditions. For 
rer consolidated clays which are tested under normal stresses less than 
le soil’s preconsolidation pressure, it is suggested that a time to failure 
estimated using a value of Is,, equivalent to one obtained from normal 

~nsolidation time-settlement behavior. For clean dense sands which 
rain quickly, a value of 10 min may be used for 9 For dense sands with 
lore than 5 95 fines, a value of 60 min may be used for 9 If an 
h a t i v e  value of t, is selected, the rationale for the selection shall be 
rplained with the test results 

9.13 Determine the appropriate displacement from the 
Alowing equation: 

ihere: 
!, = displacement rate (in./min, mm/min), 
1: = estimated horizontal @splacement at failure (in., mm), 

= total estimate elapsed time to failure, min. 
S m  16---The magnitude of the estimated displawment at failure is 

Lpendent on many factors including the type and the stress history of 
ht soil. As a guide, use dI= 0.5 in. (12 mm) if the material is normally 
I lightly over consolidated fine-grained soil, otherwise use d,= 0.2 in. (5  
=I. 

9.13.1 Select and set the displacement rate-For some 
?pes of apparatus, the dsplacement rate is achieved using 
nmbinations of gear wheels and gear lever positions. For 
ither types the displacement rate is achieved by adjusting the 
notor speed. 

9.13.2 Record the initial time, vertical and horizontal 
isplacements, and normal and shear for&. 

9.13.3 Start the apparatus and initiate shear. 
9.13.4 Obtain data readings of time, vertical and hori- 

zontal displacement, and shear force at desired interval of 
displacement. Data readings should be taken at displacement 
intervals equal to 2 pircent of the specimen diameter or 
aidth to accurately define a shear stressdisplacement curve. 
Son 17-Additional readings may be helpful in identifying the 

d u e  of peak shear stress of over consolidated or brittle material. 
Son 18-It may be n e ~ e ~ ~ a r y  to stop the test and re-gap the shear 

tox halves to maintain clearance between the shear box halves. 
9.13.5 After reaching failure, stop the test apparatus. This 

displacement m a y  range from 10 to 20 percent of the 
specimen’s original diameter or length. 

9.13.6 Remove the normal force from the specimen by 
=moving the mass from the lever and hanger, or by releasing 
the pressure. 

9.14 For cohesive test specimens, separate the shear box 

here: 

dr = d//+ 

halves with a sliding motion along the failure plane. Do not 
pull the shear box halves apart perpendicularly to the failure 
surface, since it would damage the specimen. Photograph, 
sketch, or described in writing the failure surface. This 
procedure is not applicable to cohesionless specimens. 

9.15 Remove the specimen from the shear box and 
determine its water content according to Test Method 
D 2216. 

9.16 Calculate and plot the following: 
9.16.1 Nominal shear stress versus relative lateral dis- 

placement. 

10. Calculation 
10.1 Calculate the following: 
10.1.1 Nominal shear stress, acting on the specimen is, 

F 
A 

T = -  

where: 
7 = nominal shear stress (1bf/in2, kPa), 
F = shear force (lbf, N), 
A = initial area of the specimen (in.2, mm2). 

10.1.2 Normal stress acting on the specimen is, 
- h ’  n =,- 

A 

where: 
‘n = normal stress (lbf/in?, P a ) ,  
N = normal vertical force acting on the specimen (lbf, N). 
NOTE 19-Factors which incorporate assumptions regarding the 

actual specimen surface area over which the shear and normal forces are 
measured can be applied to the calculated values of shear or normal 
stress, or both. If a comxtion(s) is made, the factor(s) and rationale for 
using the correction shall be explained with the test results. 

10.1.3 Displacement rate-Calculate the actual displace- 
ment rate by dividing the relative lateral dsplacement by the 
elapsed time, or report the rate used for the test. 

where: 
d, = displacement rate (in./min, mm/min), 
dh = relative lateral displacement (in./mm), 
te = elapsed time of test (min). 

10.1.4 Compute the initial void ratio; water content, dry 
unit weight and degree of saturation based on the specific 
gravity, and mass of the total specimen. Specimen volume is 
determined by measurements of the shear box lengths or 
diameter and of the measured thickness of the specimen. 

- 

dr = dh/ te 

11. Report 
11.1 The report shall include the following: 
1 1.1.1 Sample identification, project and location. 
11.1.2 Description of type of shear device used in test. 
11.1.3 Description of appearance of the specimen, based 

on Practice D 2488 (Test Method C 2487 may be used as an 
alternative), Atterberg limits (Test Method D 4318), and 
grain size data (Method D 422), if obtained (see 7.4). 

11.1.4 Description of soil structure, that is whether the 
specimen is undisturbed, remolded, compacted, or otherwise 
prepared. 

1 1.1.5 Initial and final water content. 
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11.1.6 
11.1.7 
11.1.8 
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Dry mass and initial and final wet unit weight. special loading sequences or special wetting requirement 
Initial and final dry unit weight. 
Initial thickness and diameter (width for square 

shear boxes). 
1 I .  1.9 Normal stress, rate of deformation, shear displace- 

ment,' and corresponding nominal shear stress values and 
specimen thickness changes. 

1 1.1.10 Plot of log of time or square root of time versus 
deformation of those load increments where tSo was deter- 
mined. 

1 1.1.1 1 Plot of nominal shear stress versus percent rela- 
tive lateral displacement. 

I I .  1.12 Departure from the procedure outlines, such as 

12. Precision and Bias 
being evaluated to determ 

the precision of this test method. In addition, subcommi 
D 18-05 is seeking pertinent data from users of the 
method. 

12.2 Bias-There is no acceptd reference value for 
test method, therefore, bias cannot be determined. 
13. Keywords 

13.1 compacted specimens; consolidated; direct-SI 
test; drained test conditions; Mohr strength envelope; SI 
strength; undisturbed 

12.1 Precision-Data 

The American Socrety mr Testing ana maieriiik i&&S ii jkX;ijZ ,-&p~:%g ;% ;*s!k%?; =! z?;' p!!?r!! ri2.M a-zserted in connection 
with any item mentioned in this standard. Users of this standanj are expressly advised that determination of the validity of any such 
patent rights. and the risk d inhingement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be leviewed every five years and 
if not revised, either reapprwed or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarlers. Your comments will receive careful collsideratjon at a meeting of the responsible 
technical committee, which you may anend. M you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standads, 1916 Race Sr.. Philadelphia, PA 19103. 
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of Soil’ 

This standard is issued under the fixed designation D 3441; the number immediately foUoGng the designation indmtes the year of 
original adoption or, in the case of revision, the year of lan re~ision. A number in parrnth- indicates the year of last reapproval. A 
supeMipt epsilon (e)  indicates an editarial cimge since the &t revinon or reappro~al. 

This srandard has been approved for use by a g m e s  of the Depanmpnt of Defme.  Consult the DoD Index of Specfications and 
Srandardrfir the spec$c year of issue which hnc been adopted by ihe Depanment of Defenre. 

1. scope 
1.1 This test method covers the determination of end 

bearing and side friction, the components of penetration 
resistance which are developed during the steady slow 
penetration of a pointed rod into soil. This method is 
sometimes referred to as the “Dutch Cone Test,’’ or “Cone 
Penetration Test” and is often abbreviated as the “CPT.” 

1.2 This test method includes the use of both cone and 
frictioncone penetrometers, of both the mechanical and 
electric types. It does not include data interpretation. It also 
includes the penetrometer aspects of piezocone soundings, 
but does not include the details of piezometer construction, 
location, measurement, or data interpretation. 
NOTE 1-The European Standard for the CPT uses a tip of right 

cylindrical shape as shown in Rg. 3, as their reference test against which 
other CPTs may be compared. 

1.3 Mechanical penetrometers of the type described in 
this method operate incrementally, using a telescoping 
penetrometer tip, resulting in no movement of the push rods 
during the measurement of the resistance components. 
Design constraints for mechanical penetrometers preclude a 
complete separation of the end-bearing and side-friction 
components. Electric penetrometers are advanced continu- 
ously and permit separate measurement of botb compo- 
nents. Differences in shape and method of advance between 
cone penetrometer tips may result in significant differences 
in one or both resistance components. 

1.4 This standard may involve hazardous materials, oper- 
ations, ana‘ equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety ana‘ health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Defdtions 
2.1 cone-the cone-shaped point of the penetrometer tip, 

upon which the end-bearing resistance develops. 
2.2 cone penetrometer-an instrument in the form of a 

cylindrical rod with a conical point designed for penetrating 
Soil and soft rock and for measuring the end-bearing 
component of penetration resistance. 

’ This tat  method is under the jurisdiction of ASTM Committee D18 on !hid 
ad Rock and is the dirrcl responsibility of Subcornminee D18.02 on Sampling 
a d  Related Field Testing for Soil Invatigations. 

C m n r  edition approved Ocr 31, 1986. Published Deamber 1986. originally 
Published D 3441 - 75 T. Lan P ~ O U S  edition D 3441 - 79. 

2.3 cone resistance or end-bearing resistance, q,-the 
resistance to penetration developed by the cone, equal to the 
vertical force applied to the cone divided by its horizontally 
projected area. 

2.4 cone sounding-the entire series of penetration tests 
performed at one location when using a cone penetrometer. 

2.5 electric penetrometer-a penetrometer that uses elec- 
tric-force transducers built into a nontelescoping penetrom- 
eter tip for measuring, within the tip, the component(s) of 
penetration resistance. 

2.6 friction-cone penetrometer-a cone penetrometer with 
the additional capability of measuring the local side friction 
component of penetration resistance. 

2.7 fiction-cone sounding-the entire series of penetra- 
tion tests performed at one location when using a friction- 
cone penetrometer. 

2.8 fiiction ratio, R,-the ratio of friction resistance to 
cone resistance, fJq0 expressed in percent. 

2.9 fiiction resistance, &-the resistance to penetration 
developed by the friction sleeve, equal to the vertical force 
applied to the sleeve divided by its surface area. This 
resistance consists of the sum of fiiction and adhesion. 

2.10 fiiction sleeve-a section of the penetrometer tip 
upon which the local side-friction resistance develops. 

2.11 inner rods-rods that slide inside the push rods to 
extend the tip of a mechanical penetrometer. 

2.12 mechanical penetrometer-a penetrometer that uses 
a set of inner rods to operate a telescoping penetrometer tip 
and to transmit the component(s) of penetration resistance 
to the surface for measurement. 

2.13 penetrometer tip-the end section of the penetrom- 
eter, which comprises the active elements that sense the soil 
resistance, the cone, and in the case of the frictioncone 
penetrometer, the friction sleeve. 

2.13.1 Discussion-The addition of a piezometer to the 
electric penetrometer tip permits the measurement of pore 
water pressure during and after stopping tip penetration. A 
penetrometer including a piezometer is known as a piezo- 
cone penetrometer, or just piezocone. 

2.14 piezocone sounding-the entire series of penetration 
tests performed at one location when using a piezocone 
penetrometer. 

2.15 push rods-the thick-walled tubes, or other suitable 
rods, used for advancing the penetrometer tip to the required 
test depth. 

3. Significance and Use 
3.1 This test method supplies data on the engineering 
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properties of soil intended to help with the design and 
construction of earthworks and the foundations for struo 
tures. 

3.2 This test method tests the soil in place and does not 
obtain soil samples. The interpretation of the results firom 
this method requires knowledge of the types of soil pene- 
pated. Engineers usually obtain this soil information fiom 
parallel borings and soil sampling methods, but prior infor- 
mation or experience may preclude the need for bonngs. 

3.3 Engineers often correlate the results of tests by this test 
method with laboratory or other types of field tests, or 
directly with performance. The accuracy of such correlations 
will vary with the type of soil involved. Engineers usually rely 
on local exprience to judge this accuracy. 

3.4 Most engineers with offshore experience have also 
found ~ i&i me-&& s&&b;e fGi &&ye .a. 

4. Apparatus 
4.1 General: 
4.1.1 Cone-The cone shall have a 60' (&go) point angle 

and a base diameter of 1.406 2 0.016 in. (35.7 f 0.4 mm), 
resulting in a projected area of 1.55 in.' (10 an2). The point 
of the cone shall have a radius less than Ys in. (3 mm). 

NOTE 2 4 o n e  tips with larger end areas may be used to increase 
meaSurement sensitivity in weak soils Experience with eleCtricaI tips 
with end area b e e n  0.78 in? (5 cm2) and 3.10 in? (20 cm2) has 
shown that they produce data similar to the 1.55 in.2 (10 cm2) standard 
provided they maintain the same tip geomeay. Cone tip sizes in this 
range may be used for special circumstances provided the cone tip and 
friction sleeve (if any) area is noted. 

4.1.2 Friction Sleeve, having the same outside diameter 
+0.024 to -0.OOO in. (+0.5 to -0.0 mm) as the base 
diameter of the cone (see 4.1.1). No .other part of the 
penetrometer tip shall project outside the sleeve diameter. 
The surface area of the sleeve shall be 23.2 in.' (1  50 cm') 
*2 %. 

4.1.3 Steel-The cone and friction sleeve shall be made 
from steel of a type and hardness suitable to resist wear due 
to abrasion by soil. The fiction sleeve shall have and 
maintain with use a roughness of 20 pin. (0.5 pm) AA, 
250 %. 

4.1.4 Push Rods-Made of suitable steel, these rods must 
have a section adequate to sustain, without buckling, the 
thrust required to advance the penetrometer tip. They must 
have an outside diameter not greater than the diameter of the 
base of the cone for a length of at least 1.3 f€ (0.4 m) above 
the base, or, in the case of the fiictioncone penetrometer, at 
least 1.0 ft (0.3 m) above the top of the fiiction sleeve. Each 
push rod must have the same constant inside diameter. They 
must screw or attach together to bear against each other and 
form a rigid-jointed string of rods with a continuous, straight 
axis. 

4.1.5 Inner Rods-Mechanical penetrometers require a 
separate set of steel, or other metal alloy, inner rods within 
the steel push rods. The inner rods must have a constant 
outside diameter with a roughness, excluding waviness, less 
than 10 Pin. (0.25 pm) AA. They must have the same length 
as the Push rods (20.004 in. or H). 1 mm) and a cros section 
adeSute to transmit the cone resistance without buckling or 
other damage. Clearance between inner rods and push rods 

shall be between 0.020 and 0.040 in. (0.5 and 1.0 mm 
6.8.1. 

4.1.6 Measurement Accuracy-Maintain the thrust- 
suring instrumen@tion to obtain thrust measmi 
within 2 5  % of the correct values. 

NOTE 3--Special, and preferably redundant, insbumentation 1 
required in the offshore environment to assure this accuracy a 
proper operation of all the remote systems involved. 

4.2 Mechanical Penetrometers: 
4.2.1 The sliding mechanism neceSSary in a mecb 

penetrometer tip must allow a downward movement 1 

cone in relation to the push rods of at least 1.2 in. (30.5 
N a n  &At Oertain combinations of depth and tip resistance 

elastic compression of the inner rods may exceed the downward 
that the thrust machine can apDly to the inner rods relative to tl 
rods. In this case, the tip will not extend and the thrust &gs f 

elastically to the end of the machine stroke and then jump a 
when the thrust machine makes contact with the push rods. 

4.2.2 Mechanical penetrometer tip design shall ii 
protection against soil entering the sliding mechanisi 
affecting the resistance componenqs) (see 4.2.3 and NI 

4.2.3 Cone Penetrometer-Figure 1 shows the desig 
action of one mechanical cone penetrometer tip. A ma 
reduced diameter is attached above the cone to m i  
possible soil contamination of the sliding mechanism. 

N a n  5-An unknown amount of side friction may develo 
this mantle and be included in the cone resktance. 

4.2.4. Friction-Cone Penetrometer-figure 2 sho~ 
design and action of one telescoping mechanical fi 
cone penetrometer tip. The lower part of the tip, inch 
mantle to which the cone attaches, advances first UI 
flange engages the friction sleeve and then both adva 

N a n  &The shoulder at the lower end of the fridoi 
encounters end-bearing resistance. In sands as much as two thin 
sleeve resistance may consist of bearing on this shoulder. 1gr 
effect in soft to medium clays. 

2% 
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COLLAPSED EXTENDED 

2 Example of a Mechanical FrictionCone Penetrometer l ip 
(Begemann Ffiction-Cone) 

.5 Measuring Equipment-Measure the penetration 
ance(s) at the surface by a suitable device such as a 
iulic or electric load cell or proving ring. 

. 1 Cone Penetrometer-Figure 3 shows one design for 
ectric-cone penetrometer tip. The cone resistance is 
ured by means of a force transducer attached to the 
An electric cable or other suitable system transmits the 
ducer signals to a data recording system. Electriccone 

Electric Penetrometers: 

8 

6 

I 

5 

4 

I 

penetrometers shall permit continuous advance and re- 
cording over each push rod-length interval. 

4.3.2 Friction-Cone Penetrometer--The bottom of the 
friction sleeve shall not be more than 0.4 in. (10 mm) above 
the base of the cone. The same requirements as 4.3.1 apply. 
Figure 4 shows one design for an electric fiiction-cone 
penetrometer tip. 

4.3.3 Other Penetrometers-Electric penetrometers may 
include other transducer measurements as well as, or instead 
of, the friction sleeve measurement. Common ones are 
inclinometers to assist with the alignment control of the tip 
(see 6.3) and piezometers to provide additional data on soil 
stratigraphy and behavior. 

4.4 Thrurt Machine-This machine shall provide a con- 
tinuous stroke, preferably over a distance greater than one 
push rod length. The machine must advance the penetrom- 
eter tip at a constant rate while the magnitude of the thrust 
required fluctuates (see 5.1.2). 

NOTE 7-Deep penetration soundings usually require a thrust capa- 
bility of at least 5 tons (45 kN). Most modern machines use hydraulic 
pistons with 10 to 2040x1 (90 to 180-kN) thrust capability. 

4.5 Reaction Equipment-The proper performance of the 
static-thrust machine requires a stable, static reaction. 

NOTE 8-The type of reaction provided may affect the penetrometer 
resistance(s) measured, particularly in the surface or near-surface layers. 

5. Procedure 
5.1 General: 
5.1.1 Set up the thrust machine for a thrust direction as 

near vertical as practical. 
5.1.2 Rate of Penetration-Maintain a rate of depth 

penetration of 2 to 4 ft/min (10 to 20 mm/s) +25 96 when 
obtaining resistance data. Other rates of penetration may be 
used between tests. 

NOTE 9-The rate of 2 ft/min (10 mm/s) provides the time the 
operator needs to read properly the resistance values when using the 
mechanical friaion-cone penetrometer. The rate of 4 ft/min (20 mm/s) 
is suitable for the single resistance reading required when using the 
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flG. 4 Electric Fricbon-COne Penetrometer Tip 

mechanical cone penetrometer and provides for the efficient opedon 
of electric penetrometen. The European standard requires 4 A/min (20 
mm/s). 

NOTE IO-Rates of penetration either slower or faster than the 
standard rate may be used for special circumstances, such as pore 
pressure measurements. This is permissible provided the rate actually 
used and the reason for the deviation is noted on the test record. 

N u n  I 1-Pore pressures generated ahead of and around the pene- 
trating cone or fiction cone penetrometer tip can have an important 
effect on the qc and values measured. Piezocone tips with simulta- 
neous pore pressure measurement capability have proven useful to help 
evaluate such effects and to provide additional data about the 
stratigraphy and engineering properties of the soils penetrated. 

5.2 Mechanical Penetrometers: 
5.2.1 Cone Penetrometer-(1) Advance penetrometer tip 

to the required test depth by applying sufficient thrust on the 
push rods; and (2) Apply sufficient thrust on the inner rods 
to extend the penetrometer tip (see Fig. 1). Obtain the cone 
resistance at a specific point (see 5.2.3) during the downward 
movement of the inner rods relative to the stationary push 
rods. Repeat step (I). Apply sufficient thrust on the push 
rods to collapse the extended tip and advance it to a new test 
depth. By continually repeating this two-step cycle, obtain 
cone resistance data at increments of depth. This increment 
shall not ordinarily exceed 8 in. (203 mm). 

5.2.2 Friction-Cone Penetrometer-Use this penetrom- 
eter as described in 5.2.1 but obtain two during 
the step (2) extension of the tip (see Figs. 2 and 5). First 
obtain the cone resistance during the initial phase of the 
extension. When the lower part of the tip engages and pulls 
down the friction sleeve, obtain a second measurement of the 
total resistance of the cone plus the sleeve. Subtraction gives 
the sleeve resistance. 

Nom I2-Because of soil layering, the cone resistance m y  change 
during the additional downward movement of the tip required to obtain 
the friction measurement. 

Nom 13--The soil friction along the sleeve puts an additional 
overburden load on the soil above the cone and may increase cone 

ZhVe that measured during the initial phase of the tip 
by an unknown, but prohably small amount. Ignore this 

effen 

5-23 Recording Data-To obtain reproducible cone-re- 
SiStance test data, or cone and friction-r&tance test data . . .  

when using a frictioncone tip, record only those tk 
readings that occur at a well-defined point during 
downward movement of the top of the inner rods in rela 
to the top of the push rods. Because of the elastic coml 
sion of inner rods (see Note 4), this point ordinarily shi 
be at not less than 1.0 in. (25 mm) apparent reli 
movement of the inner rods. When using the friction4 
penetrometer, this point shall be just before the cone eng 
the friction sleeve. 

NOTE l+Figure 5 shows one example of how the thrust ii 
hydraulic load cell can vary during the extension of the fictioncon 
Note the jump in gage pressure when the cone engages the sleeve. 

5.2.3.1 Obtain the cone plus friction-resktance readii 
won as possible after the jump so as to minimize the 
described in Fig. 5. Unless using continuous recording 
Fig. 5, the operator should not record a cone plus fiic 
resistance if he suspects the cone resistance is char 
abruptly or erratically. 

5.3 Electric Penetrometers: 
5.3.1 If using continuous electric cable, p r e h  

through the push rods. 
5.3.2 Record the initial reading(s) with the penetron 

tip hanging freely in air or in water, out of direct sud 
and after an initial, short penetration, test hole so that tk 
temperature is at soil temperature. 

5.3.3 Record the cone resistance, or cone resistance 
Friction resistance, continuously with depth or note the 
intervals of depth not exceeding 8 in. (203 mm). 

5.3.4 At the end of a sounding, obtain a final s 
readings as in 5.3.2 and check them against the initia 
Discard the sounding, and repair or replace the tip il 
check is not satisfactory for the accuracy desired fo 
resistance component(s). 

6. Special Techniques and Precautions 
6.1 Reduction of Friction Along Push R d - T h e  pu 

of this fiiction reduction is to increase .the penetroi 
depth capability, and not to reduce any differences bet 
resistance components determined by mechanical and 
tric tips as noted in 1.3. To accomplish the Friction n 
tion, introduce a special rod with an enlarged diamel 
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Example Extension of the Mechanical Friction-Cone Penetrometer Tip 

al projections, called a "friction reducer," into the string 
s h  rods or between the push rods and the tip. Another 
table method to reduce friction is to use push rods with 
meter less than that of the tip. In accordance with 4.1.4, 
such projections or changes in diameter must begin no 
r than 1 .O ft (0.3 m) from the base of the cone or the top 
Le friction sleeve when using cones with the standard 
diameter. For other cones (see Note 2) use no closer 
8 diameters. 

~ T E  15-Non-mechanical techniques to reduce fiction, such as the 
f drilling mud above the tip, are also allowable. 

2 Prevention of Rod Bending Above Sdace-USe a 
lar rod guide, at the base of the thrust machine, of 
cient length to prevent significant bending of the push 
between the machine and the ground surface. 

ITE 16-SpeClal situations, such as when working through water, 
quire a spe-cial system of casing support to restrict adequately the 
ling of the push rods. 

3 Drifi of Tip-For penetration depths exceeding about 
t (12 m), the tip will probably drift away from a vertical 
iment. Occasionally, serious drifting occurs, even at less 
h. Reduce drifting by using push rods that are initially 
ght and by. making sure that the initial cone penetration 
soil does not involve unwanted, initial lateral thrust. 

ing through or alongside an obstruction such as boul- 
, soil concretions, thip rock layers, or inclined dense 
rs may deflect the tip and induce drifting. Note any 
cations of encountering such obstructions and be alert 
possible subsequent improper tip operation as a sign of 
JUS drifting. 

NOTE 17-ElecUic penetrometer tips may also incorporate an incli- 
nometer to monitor drift and provide a warning when it becomes 
excessive. 

6.4 Wear of Tip-Penetration into abqive soils eventu- 
ally wears down or scours the penetrometer tip. Discard tips, 
or parts thereof, whose wear changes their geometry or 
surface roughness so they no longer meet the requirements of 
4.1. Permit minor scratches. 

6.5 Distance Between Cone and Friction Sleeve-The 
friction resistance of the sleeve applies to the soil at some 
distance above the soil in which the cone resistance was 
obtained at the same time. When comparing these resis- 
tances for the soil at a specified depth, for example when 
computing friction ratios or when plotting these data on 
graphs, take proper account of the vertical disiance between 
the base of the cone and the midheight of the friction sleeve. 

6.6 Interruptions-The engineer may have to interrupt 
the normal advance of a static penetration test for purposes 
such as removing the penetrometer and drilling through 
layers or obstructions too strong to penetrate statically. If the 
penetrometer is designed to be driven dynamically without 
damage to its subsequent static performance (those illus- 
trated herein in Figs. 1 to 4 are not so designed), the engineer 
may drive past such layers or obstructions. Delays of over 10 
min due to personnel or equipment problems shall be 
considered an interruption. Continuing the static penetration 
test after an interruption is permitted provided this addi- 
tional testing remains in conformance with this standard. 
Obtain further resistance component data only after the tip 
passes through the engineer's estimate of the disturbed tone 
resulting from the nature and depth of the interruption. As 
an alternative, readings may be continued without first 
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making the additional tip penetration and the disturbed zone 
evaluated from these data. Then disregard data within the 
disturbed zone. 

NOTE 18-Intenuption of the piezocone sounding after a push 
& o w  the engineer to examine the dissipation of positive or negative 
excess pore water pressure. 

.6.7 Below or Adjacent to Borings-A cone or friction- 
cone sounding shall not be performed any closer than 25 
boring diameters from an existing, unbackfdled, uncased 
boring hole. When performed at the bottom of a boring, the 
engineer should estimate the depth below the boring of the 
disturbed zone and disregard penetration test data in this 
zone. The depth may vary from one to five diameters. Where 
the engineer does not have sufficient experience with this 
Va-vv.h!p 2 &pt& cf ! c l q  ch-w &fin_g &c*dd k 
used. 

: 

6.8 Mechanical Penetromelers: 
6.8.1 Inner Rod Friction-Soil particles and corrosion 

can increase the friction between inner rods and push rods, 
possibly resulting in significant errors in the measurement of 
the resistance component(s). Clean and lubricate the inner 

6.8.2 Weight of Inner Rods-For improved accuracy at 
low values of cone resistan?, correct the thrust data to 
include the accumulated weight of the inner rods from the 
tip to the topmost rod. 

6.8.3 Jamming-Soil particles between sliding surfaces or 
bending of the tip may jam the mechanism during the many 
extensions and collapses-of the telescoping mechanical tip. 
Stop the sounding as won as uncorrectable jamming occm. 

6.9 Electric Penetrometers: 
6.9.1 Water Seal-Rovide adequate waterproofing for 

the electric transducer. Make periodic checks to assure that 
no water has passed the seals. 

NOTE I9-Some elearic tip sleeve designs are not'compensated for 
hydrostatic end area effects and require a calibration correction. 
Determining the net end area of the cone under hydrostatic pressure also 
requires a hydrostatic calibration measurement. The tip manufacturer 
can usually supply these calibration c o d o n  constants. Their impor- 
tance increases as the soil being tested becomes weaker. 

; 

1 
j 
\ rods. 

. 

* 7. Report 
7.1 Graph of Cone Resistance, qc-Every report of a cone 

or frictioncone sounding shall include a graph of the 
variation of cone resistance (in units of tons or P a )  with 
depth (in feet or metres). Successive cone-resistance test 
values from the mechanical cone and frictioncone pene- 
trometers, usually determined at equal increments of depth 
and plotted at the depth corresponding to the depth of the 
measurement, may be connected with straight lines as an 

approximation for a continuous graph. 
7.2 Friction-Cone Penetrometer: 
7.2.1 Graph of Friction Resistance, &-in addition tc 

graph of cone resistance (7.1) the report may includ 
adjacent or superposed graph of friction resistance or fric 
ratio, or both, with depth. Use the same depth scale as ii 
(see 6.5). 

7.2.2 Graph of Friction Ratio, RrIf the report incl 
soil descriptions estimated from the frictioncone peneO 
eter data, include a graph of the variation of friction 
with depth. Place this graph adjacent to the graph for 
resistance, using the same depth scale (see 6.5). 

7.3 Piezocone Penetrometer-In addition to the 7.1 
7.2 report requirements, a piezocone sounding shall inc 
a parallel graph, to the same depth scale, of measured 
water pressure during the penetration versus depth. E 
pore water pressure versus time plots may also be 
structed at those depths where the piezocone soundii 
interrupted (see Note I). 

7.4 General-The operator shall record his name, 
name and location of the job, date of sounding, soun 
number, location coordinates, and soil and water su 
elevations (if available). The report shall also include a 
as to the type of penetrometer tip used, the type of 11 
machine, tip and thrust calibration information, or both 
zero-drift noted, the method used to provide the rea( 
force, if a friction reducer was used, the method o 
advancement, the method of recording, the condition o 
rods and tip after withdrawal, and any special difficulti 
other observations concerning the performance of the ec 
ment. 

7.5 Deviationsfrom Standard-The report shall state 
the test procedures were in accordance with this Test Me 
D 3441. Describe completely any deviations bom thi! 
method. 

8. Precision and Bias 
8.1 Because of the many variables involved and the 

of a superior standard, engineers have no direct dai 
determine the bias of this method. Judging from its obs 
reproducibility in approximately uniform soil deposits, 
the qc and f, measurement effects of special equipmen1 
operator care, persons familiar with this method &ma 
precision as follows: 

8.1.1 Mechanical Tips-Standard deviation of 10 96 
and 20% in f, . 

8.1.2 Electric Tips-Standard deviation of 5 9% in q, 
10 9% in f, 

N m  20-These data may not match similar data from mech 
tips (see 1.3). 

The American Society for Testing and Matmiills takes no pasition respectrng the validity ot any patent rgMs assmed in cuwmction 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the Validity of any such 
paem rights, and the risk of Infringement of such rights. are entire/y their own responsibility. 

This standard is s u b p  to revision et any tlme by the mspmsiibk, technicel mmii tee  and must be nwiewed every five years and 
if not twised, either or withdrawn. Your comments 811) invited either for nwision of this standard or for a d d W  standards 
end SharM be 8ddressed h, ASTM He~dqm~tei's. Your Ccmmen& will receive careful considerarion et a meeting Of the rssponsiMe 
bcbnicel ccwnminee, which you may mend. tf you feel t h t  your commBnts have not received 8 f8ir hearing you sharM make your 
Views known to the ASTM Ccwnmmee on standards. 1916 Race St., Philadelphia. PA 19103. 
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6696 
Designation: D 3550 - 84 (Reapproved 1991)" 

Standard Practice for 
Ring-Lines Barrel Sampling' of Soils' 
Tbis standard is issued under the fixed designation D 3550; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parrntheses indicates the year of last reapproval. A 
superscript epsilon (c) indicates an editorial change since the last revision or rrappmval. 

This standard has been approved for use by agencies of the Departmm of Defmce. C o d f  the DoD Index of Specifications and 
S&r& for the specific year of issue which' has b m  adopfed by the Depanment of Deferrce. 

( I  Nm--Section 8 WBS added editorially in November 1991. 

Scope 
1.1 This practice covers a procedure for using a ring-lined 
me1 sampler to obtain representative samples of soil for 
entification purposes and other laboratory tests. In cases 
here it has been established that the quality of the sample is 
lequate, this practice provides shear and consolidation 
&mens that can be used directly in the test apparatus 
ithout prior mmming. Some types of soils may gain or lose 
gdicant shear strength or compressibility, or both, as a 
sult of sampling. In cases like these, suitable comparison 
sts should be made to evaluate the effect of sample 
sturbance on shear strength and compressibility. 
1.2 This practice is not intended to be used as a penetra- 
m test; however, the force required to achieve penetration 
7 a blow count, when driving is necessary, is recommended 
i supplemental information. 
1.3 This standard does not purport to address all of the 

dety problem, if any, associated with its use. It is the 
rsponsibility of the user of this standard to establish appre 
riate safety and health practices and determine the applica- 
ility of regulatory limitations prior to use. 

. Referenced Documents 

2.1 ASTM Standards: 
D 1586 Method for Penetration Test and Split-Barrel 

Sampling of Soils2 
D 1587 Practice for Thin-Walled Tube Sampling of Soilsz 
D2113 Practice for Diamond Core Drilling for Site 

InvestigationZ 
D 2488 Practice for Description and Identification of Soils 

(Visual-Manual proced~re)2 

. SigniTcance and Use 
3.1 This practice is used where soil condition and resiS- 
m e  to advance of the sampler do not permit the use of a 
hin-wall tube (practice D 1587) and where the formation 
loes not require diamond coring (Practice D 21 13). 

1 This practice is under the jurisdiction of ASIU Committee Dl8 on Soid and 
bck and is the dinct rrsponsibility of Subcommittee D18.02 on Sampling and 
kbted field T ~ ~ t i n g  for Soil Invaigations 

Cumnt edition approved Jan. 27, 1984. published April 1984. OrighUy 

2 Annual Book of ASTM Smdards, Vol04.08. 
abliihed BS D 3550- 77. Last prrviouS edition D 3550 - 71". 

4. Apparatus 
4.1 Drilling Equipment-Any drilling equipment may be 

used that provides a reasonably clean hole before insertion of 
the sampler and that does not disturb the soil to be sampled. 
However, in no case shall a bottom-discharge bit be per- 
mitted. Side-discharge bits are permissible. 

4.2 Drive Weight AssemblpAny drive weight assembly 
that will provide penetration in the range fiom 1 to 20 blows 
per foot (65 blows per metre) may be used. Whenever 
possible, soils are to be sampled by pushing instead of driving 
(see Section 5) .  

4.3 Ring-Lined Barrel Sampling Assembly-This shall 
consist of a shoe, sampler, and waste barrel, as shown in Fig. 
1. 

4.4 Ring-Lined Sampler-Test specimens shall be ob- 
tained using a suitable one piece or split sampling barrel 
lined on the inside with ,removable rings. These rings shall be 
thin-walled and shall conform to the size requirements of the 
particular laboratory test determinations employed. They 
shall fit snugly inside the sampler with no discernible free 
play in any direction. The sampler may be sectionalized to 
allow end-toend make up of sections as necessary. Each 
section shall be designed so that addition or removal of 
sections will not loosen, permit movement, or otherwise 
adversely af%ixt retention of the rings within the sampler. 
The sampler and rings shall be free of bumps, dents, 
scratches, rust, dirt, and corrosion. 

NOTE I-It is recommended that the sampler contain at least six 
rings in order to provide samples for a variety of tests. 

4.5 Waste Barrel-A waste barrel that can be removed 
fiom the sampler in the field shall be provided to contain 
space for disturbed soil originally at the bottom of the hole. 
The length of the waste barrel shall be at least three times its 
interior diameter, and the inside diameter shall be the same, 
or slightly larger than, the inside diameter of the rings. 

4.5.1 An attachment, check valve, and one or more vents 
is required. The design of these items is optional. 

4.6 Shoe-The shoe shall be machined as shown in Fig. 1. 
The inside of the assembled shoe and ring-lined sampler shall 
be smooth, straight, and uniform. The thin-walled extension 
of the shoe shall be 2 to 4 in. (51 to 102 mm) in outside 
diameter and made of any materials of adequate strength 
and resistance to corrosion. The length of the thin-walled 
extension shall be equal to three times the diameter of its 
opening, but shall not exceed 8 in. (203 mm). The inside 
clearance ratio shall be between 0.5 and 3.0 %. (See Fig. 1 for 
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FIG. 1 Ring-Lined Barrel Sampling Assembly 
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inside clearance ratio formula.) The wall thickness of the 
thin-walled extension shall conform to Table 1. 

4.6.1 The thin-walled extension of the shoe shall be 
perfectly round. Shoes that have become out-of-round for 
any reason shall not be used. If the thin-walled extension of 
the shoe deforms during sampling, the sample obtained shall 
not be used for tests, such as shear strength, where soil 
"sturbance is a factor. 

NOTE 2-The thin-walled extension of the shoe is not suitable for 
stiff or gravelly soils. In cases such as these, a shoe similar to the type 
specified in Method D 1586 is required for penetration. The use of this 
type of shoe, however, may result in excessive disturbance of the soil so 
that it is no longer suitable for shear or consolidation determinations, or 
both. 

4.7 Sample Extractor-Specimen-fed rings shall be re- 
moved from the sampler by pressing them out or alterna- 
tively by the use of a split barrel. The extractor disk shall be 
at least 0.5 in. (13 mm) thick and shall bear solidly against 
the sample rings at all points. It shall slide easily inside the 
sampler barrel without jamming and without free play. 

4.8 Containers for Specimen-Filled Rings-These shall be 
snug fitting, tightly sealed (watertight), rigid containers that 
will not permit movement of the specimen-lilled rings inside. 
They shall be noncorrosive. 

4.9 Miscellaneous Equipment-This includes a pipe vise, 
pipe wrenches, spatulas, cleaning brushes, buckets, rags, data 
sheets, transporting boxes, etc. Water must be available for 
cleaning the equipment. 

5. Procedure 
5.1 Clean the hole to sampling elevation using whatever 

method is preferred that will ensure that the material to be 
sampled is not disturbed. In saturated sands and silts, 
withdraw the drill bit slowly to prevent loosening of the soil 
around the hole. When casing is used, it shall not be driven 

low sampling elevation. Water or drilling liquid within the 
xing must be maintained at all times at or above the 

natural ground water level; it is preferable to keep the hole 
filled. 

5.2 Keep a careful record of drill penetration and sampl 
depth to ensure that the soil being sampled is the original s( 
at the bottom of the hole and is not contaminated by s( 
falling down from the sides of the hole. If there is ai 
significant tendency for soil to fall from the sides of the hc 
to the bottom, use water, drilling mud, or casing, 
necessary, in order to prevent t h i s  from happening. TI 
process of jetting through an open-tube sampler and thc 
sampling when the desired depth is reached shall not 1 
permitted. The use of bottom-discharge bits shall not 1 
allowed. 

5.3 Assemble the sampling assembly and lower it careful 
into the hole. With the cutting edge of the shoe resting on tl 
bottom of the hole and the water level in the boring at tl 
ground water level or above, push the sampling assemb 
into the soil by a continuous and rapid motion with01 
impact or twisting. Push the assembly in far enough so th 
all cuttings, sludge, and soil disturbed by drilling are in ti 
waste barrel; however, in no case push the assembly farthl 
than the total length of the shoe, sampler, and waste barre 
Take care that none of the sample is lost due to impropl 
operation of the check valve. 

5.4 When the soils are so hard that they cannot be pel 
etrated by pushing, using generally acceptable field procl 
dures, and where recovery by pushing in sands is poor, use 
driving hammer to drive the sampling assembly. In such 
case, record the hammer weight, height of drop, and numbc 
of blows. 

5.5 Carefidly disassemble the sampling assembly in such 
manner as to minimize soil disturbance as much as possibli 
Trim the soil flush with the en& of the sampling barrel, an 
remove the specimen (consisting of soil plus rings). Slip tk 
container over the specimen-filled rings and cap both end 
Be certain that there is no movement of the specimen-fille 
rings inside the container and that the specimen was nc 
disturbed while being removed from the barrel and placed i 
the container. Label the container in a suitable manner. 
the soil in the bottom end ring does not protrude from th 
ring after removing the shoe, do not use the soil in tb 
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,nom ring for tests other than.mil classification and 
oisture content. If the top ring or rings contain voids, 
:pressions, or any material other than the soil which is 
ing sampled, do not use the soil in this ring (or rings) for 
iy purpose whatsoever. The filling of depressions in the end 
ngs with additional soil shall not be pennitted. Discard 
.mples that appear to be disturbed or questionable. 
5.6 Examine the soil remaining in the shoe for structure, 
mistency, color, and condition. Record these observations 
id include them in the report (see 6.1.8). 

6.1.6 Method of advancing sampler, penetration, and 

6.1.7 Description and size of sampler, 
6.1.8 Description of soil (see Practice D 2488), 
6.1.9 Thickness of layer, 
6.1.10 Depth to water table or depth of overlying water 

6.1.1 1 Size of casing, depth of cased hole, 
6.1.12 Type of drilling equipment-description, 
6.1.13 Names of personnel: crewman, field engineer, tech- 

recovery lengths, 

and time of reading, 

nician, etc., 
6.1.14 Weather conditions, and 
6.1.15 General remarks. 

NOTE 3-The soil remaining in the shoe is relatively undisturbed and 
,afore may be suitable for a variety of laboratory tests. 

. Report 
6.1 Data obtained in each boring shall be recorded in the 

eld and shall contain $e following 
6.1.1 Name and location of job, 
6.1.2 Date of boring and times of start and finish, 
6.1.3 Boring number and location, 
6.1.4 Surface elevation, if available, 
6.1.5 Sample number and depth, 

7. Precision and Bias 
7.1 This practice does not produce numerical or repeat- 

able data and therefore a precision and bias statement is not 
applicable. 
8. Keywords 

sentative; ring; sampling 
8.1 consolidation; direct shear; identification; liner, repre- 

The American Society for Testing and Materials lakes no position respecling the validity of any patent rights asserted in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rigbts, and the risk d infringement of sucb rights, are entirely their own responsibility. 

\ 

This standard is subject to ravision al any time by the responsible technical comminee and must be reviewed every five years and 
if not revised, either mpproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards 
and should be e d d m e d  lo ASTM Headquarters. Your comments will receive careful Consideration a1 a meeting of the responsible 
technical cornminee, which you may attend. lf you feel thar your comments have not received a fair hearing you should make your 
views known lo the ASTM Commiitee on standards, 1976 Race S?., Philadalphia, PA 19103. 
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1 '(m Designation: D 4044 - 91 

Standard Test Method for 
(Field Procedure) for Instantaneous Change in Head (Slug 
Tests) for Determining Hydraulic Properties of Aquifiersl 

This standard i s  issued under the fixed dedpnation D 4044; the number immdiately f o U w  the daignation indicates the year of 
oz ig id  adoption or, in Ibc case of revision. the year of lasr revision. A number in p ~ n t h e s e s  indicates the year of ka mapproval. A 
supmcript epsilon (t) indicate5 an editorial change since the kst mision or mapproML 

1. scope 
1.1 This test method covers the field procedure for 

performing an in situ instantaneous change in head (slug) 
+a. 

1.2 This test method is used in conjunction with an 
analytical procedure such as Test Method D 4104 to deter- 
mine aquifer properties. 

1.3 The values stated in the SI units are to be regarded as 
standard. 

1.4 This standard does not purport to address all of the 
safety problems, i/ any, associated with irs use. It is the 
responsibility ofthe user of this standard to establish appre 
priate safety and health practices and determine the upplica- 
bility of regulatory limitations prior to use. 

2. Refereneed Documents 
2.1 ASTM Standarcis: 
D 653 Terminology Relating to Soil, Rack, and Contained 

Fluids2 
D4043 Guide for Selection of Aquifer-Test Method in 

Determination of Hydraulic Properties by Well 
Techniques2 

D4104 Test Method (Analytical Procedure) for Deter- 
mining Transmissivity of Confined Nonleaky Aquifers 
by Overdarnped Well Response to Instantaneous 
Change in Head (Slug Test)2 

D4750 Test Method for Determining Subsurface Liquid 
Levels in a Borehole or Monitoring Well (Observation 
Well? 

3. Terminology 
3. I Dejinitions: 
3.1.1 control well-well by which the aquifer is stressed, 

for example, by pumping, injection, or imposing a constant 
change of head. 

3.1.2 hydraulic conductivity-field aqu+r tests); the 
volume of water at the existing kinematic viscosity that will 
move in a unit time under a unit hydraulic gradient through 
a unit area measured at right angles to the direction of flow. 

3.1.3 observation well-a well open to al l  or part of an 
aquifer. 

3.1.4 overdamped- well response-characterked by the 
water level returning to the static level in an approximately 

+hit test mahod is under the jurisdiction of ASTM Cornmince D-18 on Soil 
8nd Rock and is the direct responsibility of Subcommittee D18.21 on Ground 
water and Vadose Zone Investigations. 

h n t  edition approved June IS, 1991. Pubhbed AuguslJ991. 
A m d  Book of ASTM Scm&v&, Vol04.08. 

exponential manner following a sudden change in 
level. (See for comparison underhmped well.) 

3.1.5 slug-a volume of water or solid object u 
induce a sudden change of head in a well. 

releases from or takes into storage per unit surface are; 
aquifer per unit change in bead. For a confined aquif 
equal to the product of specific storage and aquifer thi 
For an unconfined aquifer, the storage coefficient is i 
imately equal to the specific yield. 

3.1.7 transmissivity-the volume of water at the 
kinematic viscosity that will move in a unit time unde 
hydraulic gradient through a unit width of the aquifc 

3.1.8 underdamped-well response-characterized 
water level oscillating about the static water level folh 
sudden change in water level. (See for corn 
overdamped well.) 

3.1.9 For definitions of other terms used in t 
methdd, refer to Terminology D 653. 

3.i.d storage c"eJqcieiii--*- - -.-I..-- -4- ... "*A- -.. UIC VUIUUIG vi n a b & &  PY I 

4. Summary of Test Metbod 
4.1 This test method describes the field proced 

volved in conducting an instantaneous head (slug) t 
slug test method involves causing a sudden change in 
a control well and measuring the water level respom 
that control well. Head change may be induced by s 
injecting or removing a known quantity or "slug" 
into the well, rapid removal of a mechanical "slu 
below the water level, increasing or decreasing 
pressure in the well casing, or emplacement of a mf 
slug into the water column. 

4.2 The water-level response in the well is a fu 
the mass of water in the well and the transmissi 
coefficient of storage of the aquifer. One method o 
of the data fiom this field practice is described 
Method D4104. 

5. Significance and Use 
5.1 This slug test field procedure is used in co 

with a slug test analytical procedure, such as Tes 
D 41 04 to provide quick and relatively inexpensive 
of transmissivity. The value of coefficient of stor; 
mined from this test method is considered less re1 
the value of transmissivity. 

5.2 The slug test provides an advantage over 
tests in that it does not require the disposal of 
quantities of water that may be produced. This is 
importance when testing a potentially contaminatc 
However, slug tests reflect conditions near the well 
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re influenced by near-well conditions, such as gravel pack, 
oor well development, and skin effects. 

5.3 Slug tests may be made in aquifer materials of lower 
~ydraulic conductivity than generally considered suitable for 
~ydraulic testing with pumping tests. 

5.4 The method of data analysis (analytical procedure) 
houM be known prior to the field testing to ensure that all 
ppropriate dimensions and measurements are properly 
xorded. Selection of the analytical procedure can be aided 
y using Guide D 4043. 

. Apparatus 
6.1 Slug-Inducing Equipment-This test method de- 

xibes the types of equipment that can be used. Because of 
ie infinite variety of testing conditions and because similar 
sults can be achieved with Merent apparatus, engineering 
xcifications for apparatus are not appropriate. This test 
iethod specifies the results to be achieved by the equipment 

satisfy the requirements of this practice. 
6.2 Water-Level Measurement Equipment-The method 

f water level measurement may be dependent on the 
iethod selected for injection or withdrawal of water, and the 
ature of the response of the well. For an open-well test, that 

where access to the water level is open to the surface, 
ieasure water levels manually as described in Test Method 
14750, by an automatic recording device linked to a float, 
r with a pressure transducer linked to a data logger or 
isplay device. A pressure transducer linked to a data logger 
ill be neceSSary for a test in a closed well in which 
ater-level changes are induced by vacuum or pressure on 
Le control well and where manual measurements do not 
rovide measurements of adequate frequency (see 9.3). 

I Conditioning 
7.1 Pie- Test Procedure: 
7.1. I Measuring Pre- Test Water Levels-Measure the 

ater level in the control well before beginning the test for a 
:nod of about the duration of the test to determine the 
T-test water level fluctuations and to determine a reference 
atic water level. 

Procedure 
8.1 Cause a change in water level, either a rise or decline, 
f one of the following methods: 
8. I. 1 Water Slug-Inject or withdraw water of a known 
mtity into or from the control'well. 
8.1.2 Mechanical Slug-Inject or withdraw a mechanical 
ug below or above the water level. The water within the 
mtrol well will then rise or decline an amount equal to the 
iume of the mechanical slug. 
8.1.3 Release Vacuum or Pressure-A method of simu- 
ting the injection or withdrawal of a slug of water is by the 
lease of a vacuum or pressure on a tightly capped (shut-in) 
mtrol well. After the release, the vacuum or pressure is held 
xistant. 
Nm-There is no fixed requirement for the magnitude of the 
ange in water level. Similar results can be achieved with a wide range 
induced head change. Some considerations include a magnitude of 
ange that can be readily measured with the apparatus selected, for 
ample the head change should be such that the method of measure- 

ment should be accuTate to I % of the maximum head change. 
Generally, an induced bead change of from one-third to one meter is 
adequate. 

The mechanical model for the test assumes the head change is 
induced instantaneously. Practically, a finite time is required to effect a 
head change. Selection of time zero can be selected experimentally. 
Refer to the method of analysis (such as Test Method D 4104) to 
determine time zero and to evaluate the suitability of the change effixted 
in the well. 

8.2 Measure water-level response to the change in water 
level. The frequency of water-level measurement during the 
test is dependent upon the hydraulic conductivity of the 
material being tested. During the early portions of the test, 
measure water levels at closely-spaced intervals. Measure- 
ments of water level made manually with a tape should be 
made as frequently as possible until the water level has 
recovered about 60 to 80 %. Increase the length of time 
between measurements with increasing duration of the test. 
Since most methods of data analysis are curve-fitting tech- 
niques, it is essential that water levels are measured k- 
quently enough to define the water-level response curve (see 
Test Method D 4 104). 

8.2.1 In aquifer-well systems where water-level changes 
are rapid, it may be neceSSary to use a pressure transducer 
linked to an electronic data logger to measure and record the 
water levels frequently enough to adequately define the water- 
level response, The use of transducers and data loggers 
generally provides a greater than adequate frequency of 
measurements, ranging from several measurements per 
second in the early part of the test to a specified frequency in 
the later portions of a test. With such equipment, the test 
analysis may use a reduced data set of measurements to 
calculate the hydraulic properties (see Test Method D 4104 
for analysis of water level data). 

8.3 Post-Test Procedure-Make preliminary analysis of 
data before leaving the field and evaluate the test regarding 
the criteria given in this test method and the method of 
analysis, such as Test Method D 4104 to determine if the test 
should be rerun. 

9. Report 

the field procedure: 
9.1 Include the information listed below in the report of 

9.2 All test reports should include the following 
9.2. I Date, time, and well identification, 
9.2.2 Method of slug withdrawal or injection, as well as 

whether the test is a falling head (injection) or a rising head 

9.2.3 Inside diameter of well Screen and well casing above 

9.2.4 Depth of well, 
9.2.5 Length and depth setting of screen, 
9.2.6 Volume of mechanical slug or pressure change 

imposed on water level, and 
9.2.7 h-testing water-level trend. 
9.3 Establish and record the measurement point horn 

which all measurements of water level are made. Record 
date, time, and depth to water level below measurement 
point of all water levels. 

9.4 Water levels m e a s d  during the test should be 
recorded with information on date, clock time, and time 

(withdrawal) test, 

screen, 
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since test started. If the water levels are measured with a 
pressure transducer and recorded with an electronic data 
logger, mrd the name of the data file on the data logger. 

10. Precision and Bias 
-10.1 It is not practical to specify the precision of this test 

method because the response of aquifer systems during 

aquifer tests is dependent upon ambient system stresses. 1 
statement can be made about bias because no true ref- 
values exist. 
11. Keywords 

1 1 . 1  aquifers; aquifer tests; ground waw, hydraulic cc 
ductivity; hydraulic properties; instantaneous head test; SI 
tests; storage coe5cient; transmissivity 
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@) Designation: D 4104 - 91 

Standard Test Method 
(Analytical Procedure) for Determining Transmissivity of 
Nonleaky Confined Aquifers by Overdamped Well Response 
to Instantaneous Change in Head (Slug Test)' 

This staadard is isued under the fixed designation D 4104, the number immediately foUowing the designation indicates the yzar of 
original adoption or, in the casc of midon, the year of lan revidon. A number in parentheses indicates the yzar of last reapprowl. A 
supaswipt epsilon (e) indicates. a0 editorial change since the lan d o n  or reapproval. 

1. scope 
1.1 This test method covers the determination of 

transmissivity from the measurement of force-free 
(overdamped) response of a well-aquifer system to a sudden 
change of water level in a well. Force-fie response of water 
level in a well to a sudden change in water level is 
characterized by recovery to initial water level in an approx- 
imate exponential manner with negligible inertial effects. 
1.2 The analytical procedure in this test method is used in 

conjunction with the field procedure in Test Method D 4044 
for collection of test data. 
1.3 Limitations-Slug tests are considered to provide an 

estimate of transmissivity. The determination of aquifer 
storage coefficient is less reliable. Although the assumptions 
of this test method prescribe a fully penetrating well (a well 
open through the full thickness of the aquifer), the slug test 
method is commonly conducted using a partiaUy penetrating 
well. Such a practice may be acceptable for application under 
conditions in which the aquifer is stratified and horizontal 
hydraulic conductivity is much greater than vertical hy- 
draulic conductivity. In such a case the test would be 
considered to be representative of the average hydraulic 
conductivity of the portion of the aquifer adjacent to the 
open interval of the well. 
1.4 The values stated in SI units are to be regarded as 

standard. 
1.5 This standard does not purport to address all of the 

safity problem, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appre 
priate safety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D653 Terminology Relating to Soil, Rock, and Contained 

Fluid9 
D4043 Guide for Selection of Aquifer-Test Method in 

Determining of Hydraulic Properties by Well Techniques3 
D4044 Test Method (Field Procedure) for Instantaneous 

Change in Head (Slug Test) for Determining Hydraulic 
Froperties of Aquifers' 

'TbirMm*hodisundathcjurisdictionofqSIMCommi~ D18onSod 
and Rock and is the direct mponsiWity of Subcommittee D18.21 on Ground 
watn and vadorc zone lnvestieations 

Currcnt edition approved June IS. 1991. Published August 1991. 
Annual Bwk of ASTM !babds, Volo4.08. 
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D4750 Test Method for Determining Subsurface Liquid 
Levels in a Borehole or Monitoring Well (Observation 
Well? 

3. Terminology 
3.1 Definitions: 
3.1.1 aquifer, confined-an aquifer bounded above and 

below by confining beds and in which the static head is 
above the top of the aquifer. 
3.1.2 confining bed-a hydrogeologic unit of less perms 

able material bounding one or more aquifers. 
3.1.3 control well-well by which the aquifer is stressed, 

for example, by pumping, injection, or change of head. 
3.1.4 head, static-the height above a standard datum of 

the surface of a column of water (or other liquid) that can be 
supported by the static pressure at a given point. 
3.1.5 hydraulic conductivit)ccfield aquifer tests), the 

volume of water at the existing kinematic viscosity that will 
move in a unit time under a unit hydraulic gradient through 
a unit area measured at right angles to the direction of flow. 
3.1.6 observation well-a well open to all or part of an 

aquifer. 
3.1.7 overdamped-well response-characterized by the 

water level returning to the static level in an approximately 
exponential manner following a sudden change in water 
level. (See for comparison underdamped-well response.) 
3.1.8 slug-a volume of water or solid object used to 

induce a sudden change of head in a well. 
3.1.9 spec$c storage-the volume of water released from 

or taken into storage per unit volume of the porous medium 
per unit change in head. 
3.1.10 storage co&cient-the volume of water an aquifer 

releases from or takes into storage per unit surface area of the 
aquifer per unit change in head. For a confined aquifer, the 
storage coefficient is equal to the product of specific storage 
and aquifer thickness. For an unconfined aquifer, the storage 
coefficient is approximately equal to the specific yield. 
3.1.1 1 transmissivi-the volume of water at the existing 

kinematic viscosity that will move in a unit time under a unit 
hydraulic gradient through a unit width of the aquifer. 
3.1.12 d e r h p e d -  well response-response character- 

ized by the water level oscillating about the static water level 
following a sudden change in water level. (See for compar- 
ison overdamped-well response.) 
3.1.13 For definitions of other terms used in this test 

method, see Terminology D 653. 
3.2 Symbols and Dimensions: 
3.2.1 Jo [nd]--zerosrder Bessel function of the 6rst kind. 



3.2.2 J ,  [ndJ-first-order Bessel hnction of the first kind. 
3.2.3 K [LT’]-hydrauIic conductivity. 

3.2.5 S [ndl-storage coefficient. 
3.2.6 Yo [ndl-zero order Bessel function of the second 

3.2.7 Y, [ndl-first order Bessel function of the second 

3.2.8 r, [LJ-radius of control-well Casing or open hole in 

3.2.9 r, [L]-radius of control well Screen or open hole 

3.2.10 u-variable of integration. 
3.2.1 1 H [LJ-change in head in control well. 
3.2.12 H, [Lj-initial head rise (or decline) in control 

3.2.13 f-time. 
3.2.14 kTrJr,Z. 
3.2.15 a-rw2S/r:. 

3.2.4 T (L2T’]--transmisS ‘vity. 

kind. 

kind. 

interval where water level changes. 

adjacent to water bearing unit. 

weii. 

4. Summary of Test Method 
4.1 This test method describes the analytical procedure 

for analyzing data collected during an instantaneous head 
(slug) test using an overdamped well. The field procedures in 
conducting a slug test are given in Test Method D 4044. The 
analytical procedure consists of analyzing the recovery of 
water level in the well following the change in water level 
induced in the well. 

4.2 Solurion-The solution given by Cooper et al (1)4 is as 
follows: 

[uYo(u) - 2aY,(u)l-  YdWr,) ’ (1 )  

[ d o (  u) - 2 a J , ( ~ ) l l /  4 ~)lldu 
where: 

a = rW2Sjr;’, 
B = , 

A(u) = [ulo(u) - 2aJ,(u)]* + [uYo(u) - 2aY,(u)I2 
and: 

NOTE I-Other analytical solutions are described by Hvorslev (2) 
Bouwer and Rice (3), and Bouwer (4). 

5. Significance and Use 
5.1 Assumptions ofSolution ofcooper ef al(1): 
5.1.1 The head change in the control well is instantaneous 

5.1.2 Well is of finite diameter and fully penetrates the 

5.1.3 Flow in the nonleaky aquifer is radial. 
5.2 Implications of Assumptions: 
5.2.1 The mathematical equations applied ignore inertial 

effects and assume the water level returns the static level in 
an approximate exponential manner. The geometric config- 
uration of the well and aquifer are shown in Fig. 1. 

5.2.2 Assumptions are applicable to artesian or confined 

at time t = 0. 

aquifer. 

The boldfaa numbers in parentheses refer to a Lia of refmaas at the end of 
the tat 

I 
I 

s i i i i l c * g G l ~ l -  - - -- 
/ / / /  

Conlinlng b e d l  
/ / /  

Conlined eguiler 

i f /  
Conlhlng bed 

I I  

FIG. 1 Cm8.s Section Through a We41 in which a Slug of Water 
Suddenly Injected 

conditions and fully penetrating wells. However, this te 
method is commonly applied to partially penetrating we1 
and in unconfined aquifers where it may provide estimates I 
hydraulic conductivity for the aquifer interval adjacent to tl 
open interval of the well if the horizontal hydraulic condu 
tivity is significantly greater than the vertical hydraul 
conductivity. 

5.2.3 As pointed out by Cooper et al(1) the detexminatic 
of storage coefficient by this test method has questionab 
reliability because of the similar shape of the curves, whew 
the determination of transmissivity is not as sensitive 1 
choosing the correct curve. However, the Curve selecte 
should not imply a storage coefficient unrealistically large 
small. 

6. Procedure 
6.1 The overall procedure consists of conducting the sh 

test field procedure (see Test Method D 4044) and analysis 
the field data, that is addressed in this test method. 

6.2 The integral expression in the solution given in Eq ( 
cannot be evaluated analytically. A gaph.ical.solution fi 
determination of transmissivity and coefficient of storage ca 
be made using a set of type curves that can be drawn fioi 
the values in Table 1. 

7. calculation 
7.1 Plot, on semilogarithmic paper, a set of type curves 

values of F(@, a) = H/H,, on the arithmetic scale, as 
function of 8, on the l w t h m i c  scale from the values of tl 
functions in Table 1. 

7.2 Plot, on semilogarithmic paper of the same scale i 
that of the typecurve plot, the water level data in the contri 
well, expressed as a fraction, H/H,, on the arithmetic scal 
versus time, r, on the logarithmic scale. 
N m  2-If the water level rise is very rapid with a small dispari 

betmen the calculated and measured change in water level, then time 
0 can be used as the instant the change was initiated and H, can be tl 
calculated rise. If there is a signifcant time lag between initiation of tl 
head change and the peak rise or decline is significantly less than tl 
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TABLE 1 ValuesdHIH, 

B - nir,2 

loJ 

. .  
1 0-2 

lo-’ 

100 

10‘ 

102 

From C o w r ,  Brebehoeft. and Pepadopubs (1) 
a lo-‘ 10-2 10-5 10-4 

1.00 0.9771 0.9920 0.9969 0.9985 
2.15 0.9658 0.9876 0.9949 0.9974 
4.64 0.9490 0.9807 0.9914 0.9954 
1.00 0.9238 0.9693 0.9853 0.9915 
2.15 0.8660 0.9505 0.9744 0,9841 
4.64 0.8293 0.9187 0.9545 0.9701 
1.00 0.7460 0.8655 0.9183 0.9434 
2.15 0.6289 0.7782 0.8538 0.8935 
4.64 0.4782 0.6436 0.7436 0.8031 
1.00 0.3117 0.4598 0.5729 0.6520 
2.15 0.1665 0.2597 0.3543 0.- 
4.64 0.07415 0.1086 0.1554 0.2082 
7.00 0.04625 0.06204 0.08519 0.1161 
1.00 0.03065 0.03780 0.04821 0.06355 
1.40 0.02092 0.02414 0.02844 0.03492 
2.15 0.01297 0.01414 0.01545 0.01723 
3.00 0.009070 0.009615 0.01016 0.01083 
4.64 0.005711 0.004919 0.006111 0.006319 
7.00 0.003722 0.O03809 0.003884 0.003962 
1.00 0.002577 0.002618 0.002653 0.002688 
2.15 0.001179 0.001187 0.001194 0.001201 

1 0-6 
0.9992 
0.9985 
0.9970 
0.9942 
0.9883 
0.9781 
0.9572 
0.9167 
0.8410 
0.7080 
0.5038 
0.2620 
0.1521 
0.08378 
0.04426 
0.01999 
0.01 169 
0.006556 
O.OO4046 
0.002725 
0.001208 

1 
2 

10-3 4 
6 
8 
1 
2 

1 0-2 4 
6 
8 
1 
2 

lo-’ 4 
6 
8 
1 
2 
3 
4 

100 5 
6 
7 
8 
9 
1 
2 
3 

10’ 4 
5 
6 
8 
1 

102 2 

0.9994 0.9996 0.9996 0.9997 
0.9989 0.9992 0.9993 0.9994 
0.9980 0.9905 0.9987 0.9989 
0.9972 0.9978 0.9982 0.9984 
0.9964 0.9971 0.9976 0.9980 
0.9956 0.9965 0.9971 0.9975 
0.9919 0.9934 0.9944 0.9952 
0.9848 0.9875 0.9894 0.9908 
0.9782 0.9819 0.9846 0.9666 
0.9718 0.9765 0.9799 0.9824 
0.9655 0.9712 0.9753 0.9784 
0.9361 0.9459 0.9532 0.9587 
0.8828 0.8995 0.9122 0.9220 
0.8345 0.8569 0.8741 0.8875 
0.7901 0.8173 0.8383 0.8550 
0.7489 0.7801 0.8045 0.8240 
0.5800 0.6235 0.6591 0.6889 
0.4554 0.5033 0.5442 0.5792 
0.3613 0.4093 0.4517 0.4891 
0.2893 0.3351 0.3768 0.4146 
0.2337 0.2759 0.3157 0.3525 
0.1903 0.2205 0.2655 0.3007 
0.1562 0.1903 0.2243 0.2573 
0.1292 0.1594 0.1902 0.2208 
0.1078 0.1343 0.1620 0.1900 
0.02720 0.03343 0.04129 0.05071 
0.01286 0.01448 0.01667 0.01956 
0.008337 0.008898 0.009637 0.01062 
0.006209 0.006470 0.006789 0.007192 
0.004961 0.005111 0.005283 0.005487 
0.003547 0.003617 0.003691 0.003773 
0.002763 o.oO2803 0.002845 0.002890 
0.001313 0.001322 0.001330 0.001339 

0.9997 
0.9995 
0.9991 
0.9986 
0.9982 
0.9978 
0.9958 
0.9919 
0.9881 
0.9844 
0.9807 
0.9631 
0.9298 
0.8984 
0.8686 
0.8401 
0.7139 
0.6096 
0.5222 
0.4487 
0.3865 
0.3337 
0.2888 
0.2505 
0.2178 
0.06149 
0.02320 
0.01190 
0.007703 
0.005735 
0.003863 
0.002938 
0.001348 

~ 

calculated change use t = 0 as the time of maximum observed change 
and take H, as the maximum observed change. 

7.3 Overlay the data plot on the set of type curve plots 
and, with the arithmetic axes coincident, shift the data plot 
to match one curve or an interpolated curve of the type curve 
set. 

7.4 Using the coordinates of the point, determine the 
transmissivity and storage coefficient from the following 
equations: 

T = Br,2/t 
and 

S = ur,2/rw2 

8. Report 
8.1 Prepare a report including the information described 

in this section. The final report of the analytical procedure 
will include information from the report on test method 
selection (see Guide D 4043) and the field testing procedure 
(see Test Method D 4044). 

8.1.1 Introduction-The introductory section is intended 
to present the scope and purpose of the slug test method for 
determining transmissivity and storage coefficient. Summa- 
rize the field hydrogeologic conditions and the field equip 
ment and instrumentation including the construction of the 
control well, and the method of measurement and of 
effecting a change in head. Discuss the rationale for selecting 
the method used (see Guide D 4043). 

8.1.2 Hydrogeologic Setting-Review information avail- 
able on the hydrogeology of the site; interpret and describe 
the hydrogeology of the site as it pertains to the method 
selected for conducting and analyzing an aquifer test. Com- 
pare hydrogeologic characteristics of the site as it conforms 
and differs from assumptions made in the solution to the 
aquifer test method. 

8.1.3 Equipment-Report the field installation and equip 
ment for the aquifer test. Include in the report, well 
construction information, diameter, depth, and open in- 
terval to the aquifer, and location of control well. 

8.1.3.1 Report the techniques used for observing water 
levels, pumping rate, barometric changes, and other environ- 
mental conditions pertinent to the test. Include a list of 
measuring devices used during the test, the manufacturers 
name, model number, and basic specifications for each 
major item, and the name and date of the last calibration, if 
applicable. 

8.1.4 Testing Procedures-Report the steps taken in con- 
ducting the pretest and test phases. Include the frequency of 
head measurements made in the control well, and other 
environmental data recorded before and during the testing 
procedure. 

8.1.5 Presentation and Interpretation of Test Results: 
8.1.5.1 Data--Present tables of data collected during the 

test. 
8.1.5.2 Data Plots-Present data plots used in analysis of 

the data. Show overlays of data plots and type curve with 
match points and corresponding values of parameters at 
match points. 

8.1.5.3 Show calculation of transmissivity and storage 
coefficient. 

8.1.5.4 Evaluate the overall quality of the test on the basis 
of the adequacy of instrumentation and observations of 
stress and response and the conformance of the 
hydrogeologic conditions and the performance of the test to 
the assumptions (see 5.1). 

9. Precision and Bias 
9.1 It is not practical to specify the precision of this test 

method because the response of aquifer systems during 
aquifer tests is dependent upon ambient system stresses. No 
statement can be made about bias because no true reference 
values exist. 
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Designation: D 4186 - 89 ITb 
Standard Test Method for 
One-Dimensional Consolidation Properties of Soils Using 
Controlled-Strain Loading' 

This standard is issued under the fixed designation D 4186; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript @on (e) indicates an editorial changc since the last revision or reapproval. 

Scope 
1.1  This test method covers the determination of the rate 
id magnitude of consolidation of soil when it is restrained 
t e d y  and drained axially and subjected to controlled- 
ain loading. 
NOTE 1-The determination of the rate and magnitude of consolida- 
n of soil when it is subjected to incremental loading is covered by Test 
%hod D 2435. 

1.2 The values stated in SI units are to be regarded as the 
mdard. The values stated in inch-pound units are approx- 
late. 
1.3 This standard may involve hazardous materials, oper- 
ions, and equipment. This standard does not purport to 
Idress all of the safety problems associated with its use. It is 
e responsibility of the user of this standard to establish 
propriare safety and health practices and determine the 
plicability of regulatory limitations prior to use. 

Referenced Documents 
2.1 ASTM Standards: 
D 422 Test Method for Particle-Size Analysis of Soils2 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for Specific Gravity of Soils2 
D 1587 Practice for Thin-Walled Tube Sampling of Soils' 
D2216 Test Method for Laboratory Determination of 

Water (Moisture) Content of Soil, Rock, and Soil- 
Aggregate Mixtures2 

D 2435 Test Method for One-Dimensional Consolidation 
Properties of Soils2 

D 3550 Practice for Ring-Lined Barrel Sampling of Soils2 
D4220 Practices for Perserving and Transporting Soil 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 

FluidsZ 

Samples2 

Piasticity Index of Soil? 

Significance and Use 
3.1 Information concerning rate and magnitude of con- 
llidation settlement of soil is essential in the design of earth 
id earth-supported structures. The results of this method 
ay be used to analyze or estimate one-dimensional consol- 
anon settlements and rates. 

1 This M method is under the jurisdiction of ASTM Committee D 18 on Soil 
d Rock and is the ,+rea responsibility of Subcommittee D18.05 on Structural 

Cumat edition approved June 30, 1989. Published October 1989. O r i g ~ d y  

=.~Ivu&I Book ojASTM Smnak~ds, Vol04.08. 

cpalia of si 
M a~ D 4186 - 82. Last ~ O U S  edition D 4186 - 82. 

3.2 Strain Rate: 
3.2.1 It is recognized that consolidation test results are 

strain-rate dependent. Strain rates recommended in this 
standard are within the range usually encountered in Test 
Method D 2435. 

3.2.2 Field strain rates vary greatly with time, depth below 
the loaded area, and radial distance from the loaded area. 
Because field rates cannot be accurately determined or 
predicted, it is not feasible to relate the laboratory-test strain 
rate to the field strain rate. However, it may be feasible to 
relate field pore pressure ratios (ub uV) to laboratory pore 
pressure ratios. Further research is needed in this area. 

3.2.3 The constant-rate-of-strain consolidation test does 
not address the problem of strain-rate effects but does 
provide a means for studying strain rate effects. 

3.3 This method is not applicable to soils of high perme- 
ability, such as sands and other coarse-grained soils, or to 
partially saturated soils. 

3.4 This method makes the following assumptions: 
3.4.1 The ratio of soil permeability to soil compressibility 

3.4.2 Flow of soil pore water occurs only in the vertical 

3.4.3 Darcy's law for flow through porous media applies, 
3.4.4 The soil is saturated, 
3.4.5 The soil is homogeneous, 
3.4.6 The compressibility of the soil grains and water is 

3.4.7 The log stress versus strain relationship is linear 

3.4.8 The distribution of excess pore-water pressures 

is constant, 

direction, ' 

neghgible, 

during a short-time interval of loading, and 

across the specimen is parabolic. 

4. Terminology 
4.1 Definitions-The definitions of terms used in this 

method shall be in accordance with Terminology D 653. 
4.2 Descriptions of Terms Speccific to this Standard: 
4.2.1 back pressure-the pore-water pressure at the 

drainage boundary. 
4.2.2 excess pore- water pressure, ub-the pore-water pres- 

sure developed at the impervious end of the specimen 
(usually the base of the specimen) in excess of the back 
pressure. 

4.2.3 applied vertical stress, u,-the axial stress applied at 
the drainage boundary in excess of the back pressure. 

4.2.4 pore pressure ratio-the excess pore water pressure 
divided by the applied vertical stress. 

5. Apparatus 
5.1 Axial h a d i n g  Device-The axial compression device 
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em D4106 
may be a screw jack driven by an eleqric motor through a 
neared transmission, a platform weighing scale equipped 

h a screw-jack activated yoke, a hydraulic or pneumatic 
,,Jading device, or any other compression device with suffi- 
cient capacity and control to axially compress the specimen 
at the constant rate of strain prescribed in 9.6. If the axial 
loading device is outside the consolidometer, see 5.8. 
5.2 Axial Load-Measuring Device-The axial load-mea- 

suring device may be a load ring, strain-gage load cell, 
hydraulic load cell, or any other load-measuring device 
capable of the accuracy prescribed in this paragraph and may 
be a part of the axial loading device. The axial load- 
measuring device shall be capable of measuring the axial 
load to an accuracy of 0.25 % of the maximum load applied 
to the specimen. 
NOTE 2-For a constant rate of deformation to be transmitted from 

the axial loading device through the load-measuring device, it is 
important that the load-measuring device be relatively M. Some 
hydraulic load cells or proving rings may not provide sufficient stiffness. 
5.3 Pore- Water Pressure-Measuring Device-The pore- 

water pressure-measuring device shall be a differential pres- 
sure transducer. Separate pressure transducers for measuring 
pore-water pressure at the base of the specimen and back 
pressures may be used if both have the required accuracy and 
both are monitored during the test. The device shall be 
constructed and located such that the pore-water pressure at 
the base of the specimen can be measured with negligible 
drainage of pore water from the base of the specimen on one 
side of the transducer. The other side of the transducer 
measures the back pressure applied to the specimen. Negli- 

le drainage of pore water from the base of the specimen 
4 be attained if the coefficient of volume change of the 
pore pressure-measuring device and de-aired, water-filled 
cavities connecting the device to the base of the specimen is 
less than lov5 in3/psi (lo-* m3/Pa). The pore pressure- 
measuring device shall be capable of measuring the pore- 
water pressure at the base of the specimen to an accuracy of 
0.25 95 of the maximum anticipated pore pressure. 
5.4 Back Pressure-Maintaining Device, capable of a p  

plying and controlling the back pressure to within k2.0 %. 
This device may consist of a reservoir, it may have reservoirs 
connected to the top and bottom of the specimen and 
partially filled with de-aired water, the upper part of the 
reservoir shall be connected to a compressed gas supply, the 
gas pressure being controlled by a pressure regulator and 
measured by a pressure gage. (See Note 3.) However, a 
hydraulic system pressurized by a deadweight acting on a 
piston or any other pressure-maintaining device capable of 
applying and controlling the back pressure to the tolerance 
prescribed in this paragraph may be used. A low volume- 
change valve shall be provided in the back-pressure mea- 
suring device as near as possible to the base of the specimen. 
This valve, when open, shall permit the application of back 
pressure to the base of the specimen; when closed, shall 
prevent the drainage of water from the specimen base and 
pore-water pressure-measuring device to the reservoir of the 
back pressure-maintaining device. 

3-41 gas-water interfaces should be small in area relative to 
area Of the specimen and should be in reservoirs connected to the 

5.5 Deformation Indicator-The deformation indicator 
consolidometer by a length of smal l  diameter tubing. 

shall be a &a1 indicator or displacement transducer having 
sensitivity of 0.002 mm (0.0001 in.) and a range of at lm 
50 7% of the specimen. height, or other measuring devic 
meeting these requirements for sensitivity and range. 
5.6 Timer, indicating the elapsed testing time to th 

nearest 1 s for establishing the rates of strain applicatio 
prescribed in 9.6. 
5.7 Balances, devices for determining the mass of the so1 

specimens as well as portions of the apparatus. All measure 
ments of mass should be accurate to 0.1 %. 
5.8 Consolidometer, to hold the specimen in a ring that i 

fvted to a rigid base, with porous stones on each face of th 
specimen. Any potentially submerged parts of th 
consolidometer shall be made of a material that i 
noncorrosive in_ r&enn to +&e d sr  =:hci p i i t  of 
consolidometer. The bottom of the ring shall form a leak 
proof seal with the rigid base capable of withstandin 
internal pressures of 1400 kPa (200 psi). The consolidomete 
shall be constructed such that placement of the specimei 
into the ring and consolidometer will not entrap air at th 
base of the specimen. The axial loading device and bacl 
pressure-maintaining device may be an integral part of tb 
consolidometer. If the design of the consolidometer is sucl 
that back pressures affect axial load readings (due to pressun 
pushing the piston from the consolidometer), the change ii 
readings with changes in back pressure shall be determine 
by calibration. The consolidometer shall conform to thi 
following requirements: 
5.8.1 Minimum Specimen Diameter shall be 50 mm (2.( 

in.) and shall be at least 6 mm (0.25 in.) less than thi 
diameter of the sample tube if using undisturbed samples 
except as indicated in 7.2. 
5.8.2 Minimum Specimen Thickness shall be 20 mn 

(0.75 in.) but shall be not less than 10 times the ILzaximun 
grain diameter as determined in accordance with Methoc 
D 422. 
5.8.3 Minimum-Specimen-Diameter-to-Thickness Ratic 

shall be 2.5. 
5.8.4 Thickness of the'Ring shall be such that, unde 

assumed hydrostatic stress conditions in the specimen, thi 
change in diameter of the ring will not exceed 0.03 % unde 
the greatest load applied. 
5.8.5 Ring shall be made of a material that is npncorrosivc 

in relation to the soil and pore fluid being tested. The inne 
surface shall be highly polished or shall be coated with i 

low-friction material. 
5.9 Porous Disk 
5.9.1 The porous stones shall be of silicon carbide, alu 

minum oxide, metal, or other suitable material that is no 
attacked by the soil or soil moisture and shall be of mediun 
grade. For soft fine-grain sods, a fine-grade porous stone shal 
be used. The stone shall be fine enough that the soil will no 
extrude into the pores, but have suf€icient permeability so a: 
not to impede the flow of water from the specimen. (Exac 
criteria have not been established.) 
5.9.2 The diameter of the top stone shall be 0.2 to 0.5 mn 

(0.01 to 0.02 in.) less than that of the ring. 
5.9.3 The stone shall be thick enough to prevent breaking 

The top stone shall be loaded through a corrosion-resktan 
plate of sufficient rigidity to prevent breakage of the stone. 
5.10 Moist Room-In climates where moisture 10s 
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during preparation exceeds 0.1 %, the specimen shall be 
prepared in a moist room. 
5.1 1 Trimmer or Cylindrical Cutter, for trimming the 

specimen down to the inside diameter of the consolidometer 
ring with a minimum of disturbance. 
5. I2 Specimen-Measuring Device, capable of measuring 

specimen height and diameter to the nearest 0.02 mm (0.001 
h). 

5.13 Drying Oven, that can be maintained at 230 f 9°F 
(110 .c 5°C). 

5.14 Miscellaneous Equipment-Specimen trimming and 
caning tools, including spatulas, knives, and wire saws, 
moisture content cans, and data sheets as required. 

6. Sampling 
6.1 Sampling and field investigation shall be conducted in 

accordance with Practice D 1587. Specimens cut from block 
samples may also be used. 

6.2 If suitable specimens can be obtained using Practice 
D 3550, then they may be used. 

6.3 Transport and handling of samples shall be conducted 
in accordance with Practice D 4220. 

7. Specimens 
?.l Prepare the specimen so moisture loss is less than 

E1 %: if necessary, prepare the specimen in a moist room. 
Trim the specimen to the inside diameter of the consol- 
idometer ring, Fill with remolded soil any minor indenta- 
nons in the specimen that would leave voids between the 
qedmen and the ring. Place the specimen in the ring and 

it flush with the plane surface of the ring. The surface 
mst be smooth. A specimen ring with the cutting edge 
-bed provides the most accurate fit in mostmils. 

7 2  Organic soils, such as peat, and those soils that are 
easily damaged, may be transferred directly from the sam- 
3% tube to the ring where the ring and tube sizes have been 
&ened for this purpose, provided that the cutting edge of 
zhe ring has the same diameter as the sample. 

7.3 Determine the mass and height of the specimen. 
Record the specimen mass, height, and diameter. 
Scm AOMutions should be taken to minimize disturban ce of 

bemil or changes in moisture and density during Specimen preparation; 
-on. distortion, and CompteSSion must be avoided. 

7.4 Use the material trimmed adjacent to the specimen 
pee 7.1) to determine the natural moisture content (based on 
clp- mass) in accordance with Method D2216 and the 
sgffific gravity in accordance with Test Method D854. 
Determine initial wet weight of the specimen and its volume 
&om the mass, diameter, and height of the Specimen rhg. A 
more accurate determination of the specimen dry weight and 
moisture is found by drying the specimen at the end of the 
*a (see 9.1 1). The value determined from the trimmings is 
tpproximate but permits determining the void ratio before 
&e test is complete. The specific gravity can be estimated 
ahere an accurate void ratio is not needed. 

7.5 The liquid and plastic limits as determined by Test 
Method D 4318, are usell in identifying the soil and in 
sonelating the results of tests on Merent soils. These tests 
may also be performed on the trimmings. 

8. Preparation of Apparatus 
8.1 De-air the water in the back pressure-maintaining 

device and pore-water pressure-measuring system (see 5.3 
and 5.4). 

8.2 Saturate the porous stones with de-aired water. 
8.3 Place the bottom porous stone in the consolidometer 

so as not to entrap any air in the pore water pressure- 
measuring system. 

NOTE 54uidelines for system saturation may be found in one or 
more of the references k e d  at the end of this method. 

9. Procedure 
9.1 Assemble the specimen, ring, porous stones, and 

loading plate in the consolidometer. Avoid entrapping any 
air between the bottom porous stone and the specimen. 
9.2 Place the consolidometer in the axial loading device, 

adjust the deformation indicator for the initial or zero 
reading, and apply a seating pressure of 5 kPa (100 lbf/fi2). 
The axial loading device may be set to maintain constant 
seating pressure or maintain a constant specimen height. If a 
constant specimen height is desired, the seating pressure 
required to maintain constant specimen height must be 
recqtded. (For very soft soiIs, a seating pressure of 2.5 kPa 
(50 lbf/ft2), or less, is desirable.) 

9.3 Check to ensure that the system formed by the water 
reservoirs of the back pressure-maintaining device and the 
consolidometer is completely de-aired. Open the valve con- 
necting the consolidometer base to a de-aired water source 
and fill the reservoir to the appropriate level. Apply the 
appropriate value of back pressure simultaneously to the top 
and bottom of the specimen for the appropriate length of 
time to ensure complete saturation of the specimen, or to 
ensure as near complete saturation of the specimen as 
practical. The back pressure shall be applied slowly to 
specimexis having low initial degrees of saturation to mini- 
mize deformation of the specimen and prestressing. 
9.4 If necessary (see 5.8), adjust the axial load-measuring 

devi? to compensate for the load produced by the back 
pressure, or record the axial load produced on the axial 
load-measuring device by the back pressure (no volume 
change), and subtract this value from all load readings. 

9.5 If the axial loading device is set to maintain constant 
seating pressure, record the amount of consolidation or swell 
that occurs prior to controlled-strain loading. If the axial 
loading device is set to maintain constant specimen height, 
record the decrease or increase in axial load that occurs prior 
to controlled-strain loading. 

9.6 Strain Rate Selection--It is desirable to select a strain 
rate that will cause the absolute value of the excess pore- 
water pressure to be between 3 and 30 % (See Note 6) of the 
applied vertical stress at any time during the test. 

N m  6-70 achieve this, it is good practice to target a maximum 
value of 20 ?6 and in no case may the maximum valve exceed 30 %. 
Guidelines for Saain rate selection may be found in one or more of the 
references listed at the end of this method. The excess pore-water 
pressure may be limited to values less than 30 % for purposes of getting 
results cOnsiStent with incremental loading tests (Test Method D 2435). 

9.7 Axial Loading-Close the valve connecting the spec- 
imen base to the back pressure-maintaining device and begin 
to apply the axial load so as to produce axial strain at the 
constant rate selected in 9.6. Record axial load, excess 
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pore-water pressure, deformation, and elapsed time values at 
amroximately 1-min intervals for the first 10 min, 5-min 

vals for the next 1 h, and 15-min intervals thereafter. 
~ c l ~ e  sufficient readings to define the stress-strain curve; 
hence more frequent readings may be required when signifi- 
cant changes in test parameters occur. Continuous recording 
or plotting, or both, may be used to obtain neceSSary data. 
Continue the loading until the desired stress or strain is 
obtained. When axial loading is complete, allow the excess 
pore-water pressure to dissipate at constant axial load or 
constant deformation and monitor axial load, deformation, 
and excess pore pressure. 

9.8 Secondary Compression may be evaluated at any time 
during the test. To obtain secondary compression data, 
interrupt the controlled-strain axial loading at any pre- 
seieaed axiai ioad and maintain the axid-load constant. 
Continue to record axial load, excess pore-water pressure, 
deformation, and elapsed time as suggested in 9.7. In 
addition, record deformation and elapsed time at time 
intervals of 0.1,0.25,0.5, 1,2,4, 8, 15, and 30 min and 1,2, 
4, 8, etc. h, measured from the time of interruption of 
controlled-strain loading. Readings shall continue at least 
until the slope of the characteristic linear secondary portion 
of the deformation versus log of time plot is apparent. If 
further axial loading is required, resume the controlled-strain 
axial loading at the previous constant strain rate and record 
axial load, excess pore water pressure, deformation, and 
elapsed time at the 1, 5, and 15-min intervals described in 
9.7. The procedure in this paragraph may be repeated at 
subsequent higher stress levels, when necessary. 

m- ' I -hmption of the controlled-strain test to obtain sec- 
o ~ ~ a r y  compression data under constant load may af fec t  the void 
ratiwffective stress relationship. Further research is needed to define 
these effects. 

9.9 Rebound-When rebound or unloading characteris- 
tics are desired, unload the specimen at a constant strain rate 
so that a positive total vertical stress is maintained. (See Note 
8.) The excess pore water pressure become negative. 
Back pressures must be sufficiently high or strain rates 
sufficiently low to maintain the pressure at the base of the 
specimen greater than atmospheric pressure. If the coeffi- 
cient of consolidation far the rebound portion is desued, 
back pressures must be sufficiently high or Strain rates 
sufficiently low to maintain a greater pepsure at the base of 
the specimen than the back pressure required for saturation. 
Record axial load, excess pore-water pressure, deformation, 
and elapsed time at the 1 , 5, and 15-min intervals described 
in 9.7. When rebound is complete, allow the excess pore 
water pressure to dissipate at constant axial load or constant 
deformation. 

NOTE -me have found that unloading strain rates on the order 
of one-tenth the loading strain rates are sufkient to maintain positive 
total vertical stress on the specimen and keep reasonable values of pore 
water prrssures at the base. 

9-10 An alternative loading, unloading, or reloading 
schedule may be employed that reproduces the construction 
stress changes, or obtains better definition of some part of the 

'ss-strain (or stress-void ratio) curve, or aids in inter- 
ing  the field behavior of the soil. This shall be indicated 

clearly on the test results. 
9.11 At the completion of the test, remove the entire 

?-  

specimen from the consolidometer, weigh, oven-dry, and 
reweigh to obtain the weight of solids. 

10. Calculation 
10.1 Calculate the initial void ratio, water content, unit 

weight, and degree of saturation, based on the dry weight of 
the total specimen. Specimen volume is computed from val- 
ues measured in 7.3. Compute volume of solids by divid- 
ing the dry weight of specimen by the specific gravity of the 
solids. The volume of voids is assumed to be the difference 
between the specimen volume and the volume of the solids. 

10.2 Calculate void ratio, e (or alternatively, axial strain, 
e), total vertical stress, uv, and average effective vertical stress, 
u',, for each set of values recorded in 9.7 through 9.9. 

i8.2.i Calculate the void ratio as follows: 
e = eo - M I H ,  

wheF: 
e, = initial void ratio, 
AH = deformation, 
H,  = height of solids; volume of solids divided by the 

cross-sectional area of the specimen. 
10.2.2 Calculate the axial strain as follows: 

c = AH/Ho 
where: 
H, = initial height of the specimen as measured in 7.3. 

10.2.3 Calculate the applied axial stress as follows: 
uv = PIA 

where: 
P = applied axial load (see Note 9), and 
A = cross-sectional area of the specimen. 

10.2.4 Calculate-the average effective vertical stress (see 
3.4.8) as follows: 

NOTE 9-If applied axial load is measured outside the cell, the load 
must be corrected to account for the force caused by the back pressure 
acting on the piston. 

u: = (u? - 2U",2U, + O"U,2)"3 

where: 
ub = excess pore-water pressure measured at the base of the 

10.3 When the excess pore-water pressure measured at the 
base of the specimen exceeds 3 kPa (0.5 psi), calculate the 
coefficient of consolidation, C,., for the interval between two 
sets of reaGngs (see 3.4.7), recorded in 9.7 through 9.9, as 
follows: 

specimen. 

C" = - 
2 M l o g [ l - 3  

where: 
QV 1 

uv2 
H 
At 
Ub 
uv 

= applied axial stress at time t, 
= applied axial stress at time t2 
= average specimen height between t, and t2 
= elapsed time between t, and tz = t2 - t, 
= average excess pore pressure between t2 and t,, and 
= average total applied axial stress between tz and t,. 
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f amin rates are changed at any time during the test, the 1 1.1.7 Plot of void ratio versus log of average effective 
ues of C, calculated at those times may be inaccurate. vertical stress or axial strain versus log of average effective 

vertical stress, COTE 10-The above averages are obtained from onehalf the sum of 
two values. 1 1.1.8 Plot of coefficient of consolidation versus log of 

average effective vertical stress, 
'0-3-1 It is best '0 compute C v  between consecutive 11.1.9 Plot of pore pressure versus log of average effective dings and assign the value of Cv to the average value of 

1 1.1.10 Plot of pore pressure ratio versus log of average ween the two readings. 
10.3.2 If the values of effective vertical stress do not effective vertical stress. 

were obtained, a plot of deformation versus log of time shall enal may be increased. 
be provided, and 

1 1.1.12 Depamues from the procedure outlined, in- . Report 
11.1 The report shall include the following information: eluding special loading sequences. 
1 1.1.1 Identification and description of sample, including 
tether soil is undisturbed, remolded, compacted, or other- 12. Precision 
5e Prepared, 12.1 Undisturbed soil samples from homogeneous soil 
1 1.1.2 Initial moisture content, deposits at the same location often exhibit significantly 
1 1.1.3 Initial wet unit weight, different consolidation properties. No method exists to 
1 1.1.4 Initial percent saturation, evaluate the precision of a group of consolidation tests on 
1 1.1.5 If void ratio calculations are made, value of specific undisturbed samples, due to sample variability. 
nity of solids in the calculations, 12.2 A suitable test material and method of sample 
11.1.6 Condition of test (value of back pressure, swell or preparation have not been developed for the determination 
nsolidation during backpressure or seating pressure neces- of laboratory variances, due to the difficulty in producing 
p- to maintain constant height, strain rate@) during loading identical cohesive soil samples. No estimates of precision for 
Id unloading), this test method are available. 

mge betWeen comtive the time 11.1.1 1 For in which secondary comprkon &ta 

REFERENCES 

I) Bhdc, D. IC. and Lee, K. L., 'Saturated Laboratory Samples by 
Back Resure," Journal of the Soil Mechanics and Foundations 
Division, ASCE, Vol 99, No. SMl, Roc &per 9484. 1973, pp. 
XS93. 

2) Gorman, C. T., 'Constant-Rate-ofStrain and Controlled-Gradient 
Consolidation Testing," Research Repon 448, Division of Re- m Kentucky Department of Tmasportation, May 1976. 

3)  Gnman, C. T., 'Strain-Rate Selection in the COnstant-Rate 
oiStrain Consolidation Test," Research Report 556, Division of 
Racarch, Kentucky Department of Transportation, October 1980. 

4 )  Dcen R C, Dmevich, V. P., Goman, C. T., and Hopkins, T. C., 
fonstant-Rate-of-Strain and Controped-Gradht Consolidation 
Taring" Geotechnical Testing Journal, m, Vol 1, No. 1, 

5j L0a.C. John, III, 'New Concepts in Consolidation and Settlement 
Analyiis," Journal of Geotechnid Division, AS- Vol 100, 
So.GT6, Proc Paper 10623, June 1974, pp. 571612. 

:6) Lose. John, III, Jonas, E., and Obrician, V., "Controlled Gradient 
Consolidation Test," Journal of the Soil Mechanics and F d -  
zims Division, ASCE, Vol95, No. SM1. January 1969. 

5- 1978, pp. 3-15. 

(7) Lowe, John, III, Zaccheo, P. F., and Feldman, H. S., 'Consoli- 
dation Testing with Back Ressure," Journal of the Soil Mechanics 
and Foundations Division, ASCE, Vol 90, No. SMS, September 
1964. 

(8) Smith, R. E., and Wahls, H. E., 'Consolidation under Constant 
Rates of Strain," Journal of the Soil Mechanics and Foundntions 
Division, ASCE, Vol95, No. SM2, March 1969. 

(9) Wissa, A. E. 2.. Christian , J. T., Davis, E. H., and Heiberg, S., 
"Consolidation at Constant Rate of Strain," Jownal of the Soil 
Mechanics and Foundations Division, ASCE. Vol 97, No. SMlO, 
October 1971. 

(IO) h o u r ,  D.W.. Jr., and Dmevich, V.P., "Improved Techinques for 
the Constant-RaWf-Strain Consolidation of soils: Testing and 
Evaluation, ASTM STP 892, Yong RN. and Townsend F.C., Eds, 
American Society for Testing Materiak, Phiadelphia, 1986, pp. 
17CL183. 

(11) Mesri, G., and Castro, A., "C/C ConQpt and K During Secondary 
Compression," Journal of the Geotechnical Engineering Div., 
ASCE, Vol. 113, No. GT3, March 1987, pp. 230-247. 

The American Society for Testing end Materiels tekes no position respecting the validity of any patent rights asserted in connection 
wilh any item mentioned In this standard. Users of this standard are express& advised that determination of the validity of any such 
patent rights, and the rkk of InfringWnWt of such rights, are entirely their own responsibiiity. 

This standard is subject to revision at any time by the mspomlble technical commmee and must be revjswed every five years and 
if not revised, either reeppmmd or withdmwn. Your comments are invded either for revision of this standard or for additional standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at e m f f n g  of the msponsible 
technical commmee, whlch you mey aftend. It you feel that ywr comments heve not mcelved e fair heerlng yw should make your 
news known to the ASTM Commiitee on Standards, 1916 Race St., Philadelphia, PA 19103. 

641 



!m Designation:, D 4220 - 89 

Standard Practices for 
Preseping and Transporting Soil Samples’ 
This standard is issued under the fixed designation D 4220  the number immediately following the designation indicates the year of 
original adoption or. in the cay of &on, the year of lan d o n .  A number in parrnthescs indicates the year of Ian rrapproval. A 
supmcript epsilon (e) indicates an editorial change since the last mision or rcapproval. 

1. scope 
1 . 1  These practices cover procedures for preserving soil 

samples immediately after they are obtained in the field and 
accompanying procedures for transporting and handling the 
Szlrr?p!s. 

1.2 Limitations-These practices are not intended to 
address requirements applicable to transporting of soil sam- 
ples known or suspected to contain hazardous materials. 

1.3 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. See 
Section 7. 

2. Referenced Documents 
2.1 ASTM Standards: 
D420 Practice for Investigating and Sampling Soil and 

D 653 Terminology Relating to Soil, Rock, and Contained 

D 1452 Practice for Soil Investigation and Sampling by 

D 1586 Method for Penetration Test and Split-Barrel 

D 1587 Practice for Thin-Walled Tube Sampling of Soils’ 
D 2488 Practice for Description and Identification of Soils 

D 3550 Practice for Ring-Lined Barrel Sampling of Soils’ 

Rock for Engineering Purpose? 

Fluids2 

Auger Boring? 

Sampling of soils’ 

(Visual-Manual P r d u r e ) z  

3. Terminology 

Terminology D 653. 

4. SummarvofPractices 

3.1 Terminology in these practices is in accordance with 

percent swell, consolidation, permeability, shear testii 
CBR, stabilimeter, etc. 

4.1.3 Group C-Intact, naturally formed or field fab 
cated, samples for density determinations; or for sw 
pressure, percent swell, consolidation, permeability testi 
and shear testing With or without stresstrain and volui 
change measurements, to include dynamic and cyclic testii 

4.1.4 Group D-Samples that are m e  or highly se~! 
tive for which tests in Group C are required. 

4.2 The procedure(s) to be used should be included in 1 
project specifications or defined by the designated respc 
sible person. 

5. Significance and Use 
5.1 Use of the various procedures recommended in th 

practices is dependent on the type of samples obtaii 
(Practice D 420), the type of testing and engineering pror 
ties required, the fragility and sensitivity of the soil, and 
climatic conditions. In all cases, the primary purpose is 
preserve the desired inherent conditions. 

5.2 The procedures presented in these practices Q 

primarily developed for soil samples that are to be tested 
engineering properties, however, they may be applicable 
samples of soil and other materials obtained for ot 
purposes. 

6. Apparatus 
6.1 The type of materials and containers needed depi 

upon the conditions and requirements listed under the f 
groupings A to D in Section 4, and also on the climate, 
transporting mode and distance. 

6.1.1 Sealing Wax, includes microcrystalline wax, 1 
f i n ,  beeswax, ceresine, carnaubawax, or combinati 
thereof. 

6.1.2 Metal Disks, about ‘/I6 in. (about 2 mm) thick 
having a diameter slightly less than the inside diameter of 
tube, liner, or ring ahd to be used in union with wax or 
and tape, or both. 

having a diameter slightly less than the inside diameter 01 
liner Or tube- 

, 6.l.4 Tape, either waterproof plastic, adhesive fiictior 
duct tap* 

6.1.5 Cheesecloth, to be used in union with wa, 
alternative layers. 

6.1.6 Caps, either plastic, rubber or metal, to be pl; 
over the end of thin-walled tubes (Practi~e D 1587), li 
and rings (Practice D 3550), in union with tape or wax. 

6.1.7 0 ‘ring (Sealing End Caps), used to seal the en( 
samples within thin-walled tubes, by mechanically 
panding an Oring against the tube wall. 

4.1 ne are given under four 
ings as follows: 

identification is necessary. . 
4.1.2 Group B-Samples for which only water content 

and clkfiation tests, proctor and relative density, or 
profile logging is required, and bulk samples that will be 
remolded Or compacted into specimens for well pressure, 

4.1.1 Group A-Samples for which only general visual 6-1.3 wood Disks, prewaxed, 1 in. (25 mm) thick 

I ~ h m  practices arc u n h  the j*don of- G m m i a  ~ 1 8  on 
and Rock and arc the direct rrsponsibility of Subcommittee D18.02 on Sampling 
and Related Field Testing for Soil Investigations 

Cumnt edition approved July 13. 1989. Published September 1989. Originally 
published as D 4220 - 83. Last previous edition D 4220 - 83. 

Aqnu$Book of ASTM S ~ ~ o k ,  Vol04.08. 
’:. : ,: ,,; j,, ;, :’ ‘ . , , ? .  .. . 
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OTE 1-Plastic expandable end caps are preferred. Metal expand- 
end caps seal equally well; however, long-term storage may cause 
i o n  problems. 

-1.8 Jars, wide mouthed, with rubber-ringed lids or lids 
d with a coated paper seal and of a size to comfortably 
:he the sample, commonly l/z pt (250 mL), 1 pt (500 mL) 
quart-sized (1000 mL). 
. 1.9 Bag, either plastic, burlap with liner, burlap or cloth 
2 (Practice D 1452). 
.1.10 Packing Material, to protect against vibration and 
ck. 
.1.11 Insulation, either granule (bead), sheet or foam 
e, to resist temperature change of soil or to prevent 
:zing. 
. l .  12 Sample Cube Boxes, for transporting cube (block) 
iples. Constructed with */z to 314 in. (13 to 19 mm) thick 
wood (marine type). 
I. 1.13 Cylindrical Sample Containers, somewhat larger in 
iension than the thin-walled tube or liner samples, such as 
mirical frozen food cartons. 
). 1.14 Shipping Containers, either box or cylindrical type 
i of proper construction to protect against vibration, 
,ck, and the elements, to the degree required. 

2-The length, girth and weight restrictions for commercial 
lsportation must be considered. 

5.1.15 Identification Material-This includes the neces- 
y writing pens, tags, and labels to properly identify the 
n P W .  

Precautions 
7 .1  Special instructions, descriptions, and marking of 
ntainers must accompany any sample that may include 
iioadve, chemical, toxic, or other contaminant material. 
7.2 Interstate transportation containment, storage, and 
iposal of soil samples obtained from certain areas within 
e United States and the transportation of foreign soils into 

through the United States are subject to regulations 
tablished by the U.S. Department of Agriculture, Animal, 
id Plant Health Service, Plant Protection and Quarantine 
*ograms, and possibly to regulations of other federal, state, 
' local agencies. 
7.2.1 Samples shipped by way of common carrier or U.S. 
mal Service must comply with the Department of Trans- 
irtation Hazardous Materials Regulation, 49CRF Part 172. 
7.3 Sample traceability records (see Fig. 1) are encouraged 
id should be required for suspected contaminated samples. 
7.3.1 The possession of all samples must be traceable, 
om collection to shipment to laboratory to dsposition, and 
iould be handled by as few persons as possible. 
7.3.2 The sample collector(s) should be responsible for 

utiating the sample traceability record; recording the 
roject, sample identification and location, sample type, 
ate, and the number and types of containers. 
7.3.3 A separate traceability record shall accompany each 

hipment. 
7.3.4 When transferring the possession of samples the 

erson(s) relinquishing and receiving the samples shall sign, 

66 u 

date, record the time, and check for completeness of the 
traceability record. 

8. Procedure 

labels, and markings prior to transporting them as follows: 
8.1 All Samples-Properly identify samples with tags, 

8.1.1 Job name or number, or both, 
8.1.2 Sampling date, 
8.1.3 Samplefioring number and location, 
8.1.4 Depth or elevation, or both, 
8.1.5 Sample orientation, 
8.1.6 Special shipping or laboratory handling instructions, 

8.1.7 Penetration test data, if applicable (Test Method 

8.1.8 Subdivided samples must be identified while main- 

8.1.9 If required, sample traceability record. 
8.2 Group A-Transport samples in any type of container 

by way of available transportation. If transported commer- 
cially, the container need only meet the minimum require- 
ments of the transporting agency and any  other requirements 
necessary to assure against sample loss. 

or both, including sampling orientation, and 

D 1586). 

taining association to the original sample. 

8.3 Group B: 
8.3.1 Preserve and transport these samples in sealed, 

moistureproof containers. All containers shall be of sufficient 
thickness and strength to ensure against breakage and 
moisture loss. The container types include: plastic bags or 
pails, glass or plastic (provided they are waterproof) jars, thin 
walled tubes, liners, and rings. Wrap cylindrical and'cube 
samples in suitable plastic film or aluminum foil, or both, 
(Note 3) and coat with several layers of wax, or seal in several 
layers of cheesecloth and wax. 

8.3.2 Transport these samples by any available transpor- 
tation. Ship these samples as prepared or placed in larger 
shipping containers, including bags, cardboard, or wooden 
boxes or barrels. 

NOTE &Some soils may cause holes to develop in aluminum foil, 
due to corrosion. Avoid direa contact where adverse affects to sample 
composition are a concern. 

8.3.3 Plastic Bags-Place the plastic bags ,as tightly as 
possible around the sample, squeezing out as much air as 
possible. They shall be 3 mil or thicker to prevent leakage. 

8.3.4 Glass-Plastic Jars-If the jar lids are not rubber 
ringed or lined with new waxed paper seals, seal-the lids with 

8.3.5 Plustic Pails-If the plastic pail lids are not air tight, 
seal them with wax or tape. 

8.3.6 Thin- Walled Tubes: 
8.3.6.1 Expandable Packers-The preferred method of 

sealing sample ends within tubes is with plastic, expandable 
packers. 

8.3.6.2 Wax With Disks-For short-term sealing, paraffin 
wax is acceptable. For long term sealing (in excess of 3 days) 
use microcrystalline waxes or combine with up to 15 ?6 
beeswax or resin, for better adherence to the wall of the tube 
and to reduce shrinkage. Several thin layers of wax are 
preferred over one thick layer. The minimum final thickness 
shall be 0.4 in. (10 mm). 

Wax. 
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8.3.6.3 End Caps-Seal metal, rubber, or plastic end caps 
with tape. For long term storage (longer than 3 days), also 
Jip them in wax, applying two or more layers of wax. 

8.3.6.4 Cheesecloth and Wax-Use alternating layers (a 
minimum of two each) of cheesecloth and wax to seal each 
end of the tube and stabiiize the sample. 

NOTE &Where necessary, spacers or appropriate packing materials, 
or both, must be placed prior to sealing the tube ends to provide proper 
confinement. Packing material must be nonabsorbent and must main- 
tain its properties to provide the same degree of continued sample 
suppofi 

8.3.7 Liners and Rings-Refer to 8.3.6.3 or 8.3.6.4. 
8.3.8 Exposed Samples: 
8.3.8.1 Cylindrical, Cubical or Other Samples Wrapped in 

Plastic, such as polyethylene and polypropylene, or toil 
should be hrther protected with a minimum of three coats of 

8.3.8.2 Cylindrical and Cube Samples Wrapped in 
Cheesecloth and Wax, shall be sealed with a minimum of 
three layers of each, placed alternatively. 

8.3.8.3 Carton Samples (Frozen Food Cartons)-Samples 
placed in these containers must be situated so that wax can 
be poured completely around the sample. The wax should fill 
the void between the sample and container wall. The wax 
should be sufficiently warm to flow, but not so hot that it 
penetrates the pores of the soil. Generally, the samples 
should be wrapped in plastic or foil before being surrounded 
with wax. 

Wax. 

8.4 Group C: 
8.4.1 Preserve and seal these samples in containers as 

covered in 8.3. In addition, they must be protected against 
vibration and shock, and protected from extreme heat or 
cold. 

8.4.2 Samples transported by the sampling or testing 
agency personnel on seats of automobiles and trucks need 
only be placed in cardboard boxes, or similar containers into 
which the sealed samples fit snugly, preventing bumping, 

8.4.3 For all other methods of transporting samples, 
including automobile trunk, bus, parcel services, truck, boat, 
air, etc., place the sealed samples in wood, metal, or other 
type of suitable shipping containers that provide cushioning 
or insulation, or both, for each sample and container. Avoid 
transporting by any agency whose handling of containers is 
Suspect .  

8.4.4 The cushioning material (sawdust, rubber, polysty- 
rene, urethane foam, or material with similar resiliency) 
should completely encase each sample. The cushioning 
between the samples and walls of the shipping containers 
should have a minimum thickness of 1 in. (25 mm). A 
minimum thickness of 2 in. (50 mm) shall be provided on 
the container floor. 

8.4.5 When required, the samples should be shipped in 
the same orientation in which they were sampled. Otherwise, 
special conditions shall be provided such as freezing, con- 
trolled drainage, or sufficient confinement, or a combination 
thereof, to maintain sample integrity. 

rolling, dropping, etc. ( 

8.5 Group D: 
i 

8.5.1 The requirements of 8.4 must be met, in additio 
the following: 

8.5.1.1 Samples should be handled in the same one 
tion in which they were sampled, including during trans 
tation or shipping, with appropriate markings on the s 
ping container. 

8.5.1.2 For all modes of private or commercial trans 
tation, the loading, transporting and unloading of the 6 
ment containers should be supervised as much as possibl 
a qualified person. 

NOTE 5-A qualified person may be an engineer, geologist 
scientist, soils technician or responsible person designated by the pi 
manager. 

8.6 Shipping Containers (see Figs. 2 to 7 for ty 
containers): 

8.6.1 The following features should be included i n  
design of the shipping container for Groups C and D. 

8.6.1.1 It should be reuseable, 
8.6.1.2 It should be constructed so that the samples ci 

maintained, at all times, in the same position as i 
sampled or packed, or both, 

8.6.1.3 It should include sufficient packing maten 
cushion or isolate, or both, the tubes from the adverse 
of vibration and shock, and 

8.6.1.4 It should include sufficient insulating maten 
prevent freezing, sublimation and thawing, or undesi 
temperature changes. 

8.6.2 Wood Shipping Containers: 
8.6.2.1 Wood is preferred over metal. Outdoor (m: 

plywood having a thickness of 1/2 and 3/4 in. (1 3 to 19 
may be used. The top (cover) should be hinged and lat 
or fastened with screws. 

8.6.2.2 The cushioning requirements are given in 8. 
8.6.2.3 Forprotection against freezing or extreme tei 

ature variation, the entire shipping container should be 
with a minimum insulation thickness of 2 in. (50 mm' 

8.6.3 Metal Shipping Containers-The metal shi 
containers must incorporate cushioning and insulatioi 
tend to minimum thicknesses in accordance with 
although slightly greater thicknesses would be appro1 
Alternatively, the cushion effect could be achieved Y 

spring suspension system, or any other means that 1 

provide similar protection. 
8.6.4 Styrene Shipping Containers-Bulk styrene 

slots cut to the dimensions of the sample tube or lii 
protective outer box of plywood or reinforced cardbc 
recommended. 

8.6.5 Of her Containers-Containers constructed 
laminated fiberboard, plastic or reinforced cardboard 
walls, and properly lined, may also be used. 
9. Reporting 

9.1 The data obtained in the field shall be recorde 
should include the following: 

9.1.1 Job name or number, or both, 
9.1.2 Sampling datds), 
9.1.3 Sample/boring number(s) and location(s), 
9.1.4 Depth@) or elevation(s), or both, 
9.1.5 Sample orientation, 

i 
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Sample  Identiflcatlon/Traceabllity Record 
(Controlled Document) 

+ 
Project: W.O. 

Shipped by: 
Shlpped to: Attention of: 

Commenta: Hazardous materisia suspected? 
(yeelno) 

B.mDllnp Sampl. we. *.at,.i.tr.ei (opttonall 
Poml Locallen FI.16 10 0.1. T ~ D .  Con1.1n.r. R.ou1r.d La8  10 

I 

Sampler(s) (aionature) 

F1.16 ID  R.llnauI.h*d by ( * lOn~ lU Ie )  Oel- t l lm.  R.c.1v.d by: (.lgnalur.) oatetTtm* Comment. 

Shipment prepared by: (signature) DatelTime Shipment method: 

Received for Lab by: (aiQnatUr0) DateITlme Comments 

o 

D4220 

Receiving Laboratory: Please return original form a f t e r  slgnlng for recelpt of samples. 

FIG. 1 Example Layout of Record Form 

9.1.6 Groundwater observation, if any, 
9.1.7 Method of sampling, and penetration test data, if 

9.1.8 Sample dimensions, 
9.1.9 Soil description (Practice D 2488), 
9.1.10 Names of technician/crewman, engineer, project 

9.1.1 1 Comments regarding contaminated or possible 

9.1.12 If used, a copy of traceability records, 
9.1.13 Weather conditions, and 

applicable, 9.1.14 General remarks. 

lo* Precision and Bias 
10.1 This practice provides qualitative and general infor- 

mation only. Therefore, a precision and bias statement ,k not 
chief, etc., 

contaminated samples, applicable. 
I 
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14" 
(356 mm) 

4" (102 rmn) Dia.  Hole 
( 4  holes each, top  & 
b o t  tom d i v i der  s ) 

1/2" (13 rmn) D ia .  Rope 
Handle (one t h i s  s ide  
& one opposi te s ide )  

Minimum o f  7 n a i l s  i n  
each long edge (p re fe rab ly  
a l s o  glued w i th  waterproo f  
g lue)  

-MI rmn) o f  urethane foam 
(or  equ iva len t )  i n  the  bottom 

10" 
(254 mn) 

18" 
(457 m) 

10" 
(254 m) 

of the  box. 1 "  (25 mm) around 
the  tubes and on top. 

Ma te r ia l  

( e x t e r i o r  grade) 
mm) t h i c k  plywood 

RG. 2 Shipping B0.x. tor 3-in. (76-mm) Thin-Walled lubes 
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(a) Photo of Open Box For 5" (127 mm) Tubes 

(d) Side View 

NOTE-~QP and bottan halves 81E) identical. 
FIG. 3 Styrene Shipping Container for 3-in. (76-mm) Thin-Walled lubes 

649 



- 

. . ... . . .. - .  

Item 
No. 

I , 

I I 

A. TOPVIEW 

Desaiption of Item 
1 Plywood. 4 ft by 8 ft by V4 in. (1220 mm by 2440 mm by 19.1 

mm) exterior. Grade AC 
2 Hinge. strep. 4 in. (102 mm). heavy duty with SQBWS 

3 Hasp. hinged. 4% in. (1 14 mm). with SQBWS 

4 S M ,  Wood. S?&, F1at-d. NO. 10 by 1% in. (44.5 mm) 
5 eOn. Mechine, Vn in. (9.5 mm). wim nut to 
6 Washer. flat. S/s in. (9.5 mm) 
7 €ye Bon. H by 2 in. (6.4 mm by 51 mm). dncglated, with nul 

9 S Hooks. 2 in. (51 mm). open. rincg(ated 
10 Clamp. edjustab(e. hose. steel. worm scmw adjustment 
11 Sp?ing,expmsion 
12 Adhesive,woc&ah 'ng 

hasps 

8 Wssher. a t .  '/4 in. (6.4 mm). fa hasp bon 

C. S O E W  

BlLL OF MATERIALS 

Item 
Quantity No. DesuiptDn of Item QU€Ultity 

13 Rope, nylon. Vsin. (12.7-mm)diameter. solid braided 5 ft (1524 n 
14 Cushioning Material. expanded toam -10 h3 (0.28 r 

Nons-(a) All wooden components can be sawed fnnn one sheet of ptywc 
@) This shipping box will accommodate approximately three 3in. 

d i e t e r  tubes or two sin (127mm) diameter tubes up to 30 ir 
mm) in length. Far kmgertubesthe brside W M  of the box mus 
minimum of Wn. (152 mm) greater than Uw b g h  of the m. 

(c) Aajointstobeghredandfastenedwimsaews. . 
(d) Stencil all sides as fcdows (See V i  Band C). 

(e) After suspending samples as indicated above. all void space mi 
TO PROTECT FROM FREEZING 

Cued with a suitable resilient padciqmamial. 

flG. 4 Suspension System C o n t a i i r  for ThiiWalled Tubes 
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3 55-gallon (0.21 m ) o i l  b a r r e l s  
w i t h  sec t ions  of styrofoam insula-  
t i o n ;  welded handles on each s ide.  

( a )  

(b) Same a s  ( a )  showing barrel  ready 
f o r  shipment. S t e e l . l i d s  bol ted 
on t o  provide t i g h t  seal .  

NOTE-TWO in. (51 mm) of foam rub& covers 2 in. of Styrotoam at the base. 
.One in. (25 nun) of foam rubber ovetiays Un? top of the tubes, and the remaining 
space to the lid is filled with StVrOroam. 

FIG. 5 Shipping Barrel for Thin-Walled lubes  
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18 Gauge 
1 "  x i t "  

i D4220 

Semi Sponge Rubber 
1 "  (25mm) top and al l  side 
surfaces; or. 21" (64 nun) 

3/4" (19 mm) Binding 

3" (76 nnn) foam rubber over base; or 
1 "  (25  nnn) foam rubber and 21" (64 nnn) 

Galvanized Steel insulation over base. 
( 2 5  mm x 38 mm) 

FIG. 6 Shipping Box for Liner (Short lube) or Ring Samples 

Steel 
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e# D4220 
69 6 

Two a d d i t i o n a l  l a y e r s  of cheese 
c l o t h  and warm rubbed wax 
are requ i r ed  t o  seal 
the sample. 

t h i ckness  of cheese  c l o t h  
is placed a g a i n s t  soil ,  followed 
by an app l i ca t ion  of warm wax, 
rubbed by hand. 

A .  METHOD FOR SEALING HAND-CUT UNDISTURBED SAMPLES 

F i l l  space between sea l ed  
samole and box with mois t  
sawdust packed t o  suppor t  
sample. 

6. ENCASE EASILY DISTURBED SAMPLES IN BOX PRIOR TO CUTTING 

Box cons t ruc t ed  wi th  1/2"-3/4" ( 13 - 19 nun) e x t e r i o r  plywood. 

FIG. 7 Preparing and Packaging a Block Sample 

The American Society for Testing and Materids takes no position respecting the validity of any patent rights asserted in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical comminee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments am invi?ed either for revision of this standard or for 8dditiOnal standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at 8 meeting of the responsible 
technical comminee, which you may Mend. If you feel that ywr  comments have not received 8 fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race st., Philadelphia, PA 19103. 
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(b Designation: D 4318 - 84 

I 

Standard Test Method for 
Liquid Limit, Plastic Limit, and Plasticity Index of Soils' 

. .  . 

This standard is issued under the ked designation D 43 18; the number immediately following the, designation indicates the year of 
o m  adoption or, in the case of revision, the year of last mision. A numberin parrnthescs indicates the year of lasI reapproval. A 
supmcript epsilon (e) indicates an editorial change since the last revision or reapproval. 

This statt&rd has been approved /or use by ugencies of zhe Depanmm OJ D # i e .  Consult the DoD Index of Spa$cations and 
S1.nndnrd.s for ihe speci/ic year of issue which has been adopied by the Depanmm of Defenre. 

1. Scope 
1.1 This test method covers the determination of the 

iiq& hi i ,  pi&c iimii ad 'be pi.&Au&y index U i  siij ~ 

defined in Section 3. 
1.1.1 Two procedures for preparing test specimens and 

two procedures for performing the liquid limit are provided 
as follows: 

materials, or artificial mixtures of aggregates and natu 
mineral and Organic particles* 

1.4 The multipoint liquid limit procedure is somew 
more time consuming than the one-point procedure w€ 
both are performed by experienced operators. However, 
one-point procedure requires the operator to judge when 
test specimen is approximately at its liquid limit. In ca 
where t h i s  is not done reliably, the multipoint procedure i! 

precision due to the information obtained from additio 

procedure be used by inexperienced operators. 
1.5 The correlations on which the calculations of 

one-point procedure are based may not be valid for cert 

ment. The liquid limit of these soils should therefore 
determined by the multipoint procedure (Procedure A). 
1.6 The liquid and plastic limits of many soils that h 

been allowed to dry before testing may be considen 
different from values obtained on undried samples. If 

estimate the behavior of soils in their nah 

A test using a wet preparation Procedure, fa as the one-point and addido described in Sections 10.1, 11, and 12. 

described in Sections 10.2, 11, and 12. 
C One-point test using a wet preparation procedure, 

described in Sections 13, 14, and 15. 

described in Sections 13, 14, and 15. 

test using a dry preparation Procedure, It is recommended that the multipc 

One-point test using a dry preparation Procedure, so&, such as organic soils or soils from a marine envir 

The procedure lo be used 
authority. If no procedure is specified, Procedure A shall be 

I d .  

be by the requesting 

NOTE l--Priortotheadoptionofthistestmethod,acurved~oo~g liquid a d  limits of soils are to correlate 
tool was specified as part of the apparatus for performing the liquid limit 
test The curved tool is not considered to be as accurate as the flat tool 

liquid limit cup. However, there are some data which mdicate that 
typically the liquid limit is slightly increased when the flat tool is used 
instead of the curved tool. 

in 6.2 sine it d m  not control &e depth of &e in the moist state, samples should not be permined to dry bel 
testing UnleSS data on dried sample are specifically deSil 
1.7 The composition and concentration of soluble salt 

a soil affect the values of the liquid and plastic limits as 
as the water content values of soils (see Method D22 
Special consideration should therefore be given to soils fi 
a marine environment or other sources where high soli 
salt concentrations may be present. The degree to which 
salts present in these soils are diluted or concentrated n 
be given consideration if meaningful results are to 
obtained. 
1.8 Since the tests described herein are performed onl: 

that portion of a  SO^ which 
the relative contribution of this portion of the soil to 
properties of the sample as a whole must be considered H 

using these tests to evaluate the properties Of a Soil. 
1.9 The values stated in acceptable metric units are t 

for information only. 
1.10 This standard may involve hazardous mato 

operations, and equipment. This standard does not plupc 
address all of the safety problems associated with its use. 
the responsibility of whoever uses this standard to consult 
establish appropriate safity and health practices and d 
mine the applicability of regulatory limitations prior to 1 

1.1.2 The plastic limit test procedure is in 
Sections 16,17, and 18. The plastic limit test is performed on 
material prepared for the liquid limit test. In effect, there are 
two p r o d -  for preparing test specimens for the plastic 
limittest. 
1.1.3 The procedure for calculating the plasticity index is 

given in Section 19. 
1.2 n e  liquid limit and plastic limit of soils (along with 

the &rinkage limit) often cou&vely referred to as &e 
Atterberg limits in recognition of their formation by Swedish 
mil scientist, A. Atterbew These limits distinguish the 
boundaries of the several consistency states of plastic soils. 

aggregation of mineral or organic materials, mixtures of such 

is under the juridictlon of ,mu cornnee  D 1 8  on Sod 

26, 1984. published Daxmkr 1984. wy 

the 425-pm (NO. 40) 

I 1.3 in test method, soil is any natural regarded as the standard. The values given in parenthese 

1 
i : 

i 
1 

nus tat 
and Rock and Is the 
Plastiaty. and Densty ~haractcnstlcs of Soils 

published as D4318- 83. last previous edmon D4318 - 83". 

 PO^^^^ Of Subcornnunee D18*03 On 

cumnt edition approved f 

i ?  
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Referenced Documents 

2. I ASTM Standards: 
C 702 Methods for Reducing Field Samples of Aggregate 

to Testing Size2 
D 75 Practice for Sampling Aggregates4 
D420 Practice for Investigating and Sampling Soil and 

Rock for Engineering Purposes4 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids4 
D 1241 Specification for Materials for Soil-Aggregate 

Subbase, Base, and Surface Courses4 
D 22 16 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures4 

D 2240 Test Method for Rubber Property-Durometer 
Hardness’ 

D2487 Test Method for Classification of Soils for Engi- 
neering Purposes4 

D 2488 Practice for Description and Identification of Soils 
(Visual-Manual Procedurer 

D3282 Practice for Classification of Soils and Soil-Ag- 
gregate Mixtures for Highway Construction Purposes4 

E 11 Specification for Wire-Cloth Sieves for Testing 

E 3 19 Methods of Testing Single-Arm Balances6 
E 898 Method of Testing Top-Loading, Direct-Reading 

PurpOSeS6 

Laboratory Scales and Balances6 
3. Defmitions 

3.1 Alterberg limits-originally, seven “limits of consist- 
ency“ of fine-grained soils were defined by Albert Atterberg. 
In current engineering usage, the term usually refers only to 
the liquid limit, plastic limit, and in some references, the 
shrinkage limit. 

3.2 consistency--the relative ease with which a soil can be 
deformed. 

3.3 liquid limit (LL)-the water content,. in percent, of a 
soil at the arbitrarily defined boundary between the liquid 
and plastic states. This water content is defined as the water 
content at which a pat of soil placed in a standard cup and 
cut by a groove of standard dimensions will flow together at 
the base of the groove for a distance of 13 mm (‘12 in.) when 
subjected to 25 shocks from the cup being dropped 10 mm in 
a standard liquid limit apparatus operated at a rate of 2 
shocks per second. 
NOTE 2-The undrained shear strength of soil at the liquid limit is 

considered to be 2 f 0.2 kPa (0.28 psi). 
3.4 plastic limit (PL}-the water content, in percent, of a 

soil at the boundary between’the plastic and brittle states. 
The water content at this,boundary is the water content at 
which a soil can no longer be deformed by rolling into 3.2 
mm (‘/8 in.) in diameter threads without crumbling. 

3.5 plastic soil-a soil which has a range of water content 
over which it exhibits plasticity and which will retain its 
shape on drymg. 

2 Annual Book of ASTM Standards, VoI 04.02. 
3 Annuat Book of ASTM Standards, Vols 04.02,04.03, and 04.08. 

Ann& Book of ASTM Standards, VOI 04.08. 
5 Ann& Book of ASTM Srandartfs, Vo109.01. 
6 A n n u l  Book of ASTM Standard, Vol 14.02. 

96  
3.6 plasticity index (PI)-the range of water content over 

which a soil behaves plastically. Numerically, it is the 
difference between the liquid limit and the plastic limit. 

3.7 liquidity index-the ratio, expressed as a percentage, 
of (I) the natural water content of a soil minus its plastic 
limit, to (2) its plasticity index. 

3.8 activity number (A)-the ratio of ( 1 )  the plasticity 
index of a soil to (2) the percent by weight of particles having 
an equivalent diameter smaller than 0.002 mm. 

4. Summary of Method 
4.1 The sample is processed to remove any material 

retained on a 425-pm (No. 40) sieve. The liquid limit is 
determined by performing trials in which a portion of the 
sample is spread in a brass cup, divided in two by a grooving 
tool, and then allowed to flow together from the shocks 
caused by repeatedly dropping the cup in a standard me- 
chanical device. The multipoint liquid limit, Procedures A 
and B, requires three or more trials over a range of water 
contents to be performed and the data from the trials plotted 
or calculated to make a relationship from which the liquid 
limit is determined. The one-point liquid limit, Procedures C 
and D, uses the data from two trials at one water content 
multiplied by a correction factor to determine the liquid 
limit. 

4.2 The plastic limit is determined by alternately pressing 
together and rolling into a 3.2 mm (’/a in.) diameter thread a 
small portion of plastic soil until its water content is reduced 
to a point at which the thread crumbles and is no longer able 
to be pressed together and rerolled. The water content of the 
soil at this stage is reported as the plastic limit. 

4.3 The plasticity index is calculated as the difference 
between the liquid limit and the plastic limit. 

5. Signifi’rance and Use 
5.1 This test method is used as an integral part of several 

engineering classification systems to characterize the fine- 
grained fractions of soils (see Test Method D2487 and 
Practice D 3282) and to specify the fine-grained fmction of 
construction materials (see Specification D 124 1). The liquid 
limit, plastic limit, and plasticity index of soils are also used 
extensively, either individually or together with other soil 
properties to correlate with engineering behavior such as 
compressibility, permeability, compagibility, shrink-swell, 
and shear strength. 

5.2 The liquid and plastic limits of a soil can be used with 
the natural water content of the soil to express its relative 
consistency or liquidity index and can be used with the 
percentage finer than 2-pm size to determine its activity 
number. 
5.3 The one-point liquid limit procedure is frequently 

used for routine classification purposes. When greater preci- 
sion is required, as when used for the acceptance of a 
material or for correlation with other test data, the 
multipoint procedure should be used. 

5.4 These methods are sometimes used to evaluate the 
weathering characteristics of clay-shale materials. When 
subjected to repeated wetting and drying cycles, the liquid 
limits of these materials tend to increase. The amount of 
increase is considered to be a measure of a shale’s suscepti- 
bility to weathering. 
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CAM 

DEGREES 
ESSENTIAL DIMENSIONS ANGLE 

0 
' 3 0  

CRS OR BRASS PIN 60 

90 
120 
150 

V DIAMETER 

180 

210 
240 
270 
300 

2 SPHERICAL 330 

360 

.- 

em D4310 

CAL 

0.74: 

0.75: 
0.76d 
0.77. 
0.788 
0.79 
0.81 
0.85 
0.9C 
0.94 
0.97 
0.95 
1.0( 

5.5 The liquid limit of a soil containing substantial 
imounts of organic matter decreases dramatically when the 
soil is oven-dried before testing. Comparison of the liquid 
limit of a sample before and after oven-drying can therefore 
be used as a qualitative measure of organic matter content of 
a soil.' 

6. Apparatus 
6.1 Liquid Limit Device-A mechanical device consisting 

of a brass cup suspended from a carriage designed to control 
its drop onto a hard rubber base. A drawing showing the 
essential features of the device and the critical dimensions is 
given in Fig. 1. The design of the device may vary provided 
that the essential functions are preserved. The device may be 
operated either by a hand crank or by an electric motor. 

6.1.1 Base-The base shall be hard rubber having a D 
Durometer hardness of 80 to 90, and a resilience such that 
an 8-mm (5hin.) diameter polished steel ball, when dropped 
from a height of 25 cm (9.84 in.) will have an average 
rebound of at least 80 9% but no more than 90 %. The tests 
shall be conducted on the finished base with feet attached. 

6.1.2 Feet-The base shall be supported by rubber feet 
designed to provide isolation of the base from the work 
surface and having an A Durometer hardness no greater than 
60 as measured on the finished feet attached to the base. 

6.1.3 Cup-The cup shall be brass and have a weight, 
including cup hanger, of 185 to 2 15 g. 

6.1.4 Cam-The cam shall raise the cup smoothly and 
continuously to its maximum height, over a distance of at 

.... .. 

least 180" of cam rotation. The preferred cam motion i 
uniformly accelerated lift curve. The design of the cam i 
follower combination shall be such that there is no upw 
or downward velocity of'the cup when the cam folloi 
leaves the cam. 

NUTE %The cam and follower design in fig. 1 is for unifox 
accelerated (parabolic) motion after contact and assures that the cup 
no velocity at drop off. Other cam designs also provide this feature 
may be used. However, if the cam-follower pattern is not knc 
zero velocity at drop off can be assured by carefully filing or machi1 
the cam and follower so that the cup height remains constant ova 
last 20 to 45' of cam rotation. 

6.1.5 Carriage-The cup carriage shall be constructec 
a wav that allows convenient but secure adjustment nf 
height of drop of the cup to 10 mm (0.394 in.). The 
hanger shall be attached to the caniage by means of a 
which allows removal of the cup and cup hanger for clear 
and inspection. 

6.1.6 Optional Motor Drive-As an alternative to 
hand crank shown in Fig. 1, the device may be equipped 1 

a motor to turn the cam. Such a motor must turn the car 
2 f 0.1 revolutions per second and must be isolated from 
rest of the device by rubber mounts or in some other 
that prevents vibration from the motor being transmitte 
the rest of the apparatus. It must be equipped with 
ON-OFF switch and a means of conveniently positioning 
cam for height of drop adjustments. The results obtai 
using a motor-driven device must not differ from tl 
obtained using a manually operated device. 

FIG. 1 Hand-Operated Liquid Limit Device 
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DIMENSIONS 

ESSENTIAL .DIMENSIONS A 

' 0 A C K  AT LEAST 15HY FROM T I P  

NOTE: DIMENSION A SHOULD 0 E  L9-2.0 AND DIMENSION D 
SHOULD BE 6.0-8.1 WHEN NEW TO ALLOW FOR 

ADEQUATE SERVKE LIFE 

1 K 

FIG. 2 Grooving Tool (Optional Height-of-Drop Gage Attached) 

6.2 Flat Grooving Tool-A grooving tool having dimen- 
ons shown in Fig. 2. The tool shall be made of plastic or 
oncorroding metal. The design of the tool may vary as long 
s the essential dimensions are maintained. The tool may, 
ut need not, incorporate the gage for adjusting the height of 
rop of the liquid limit device. 
6.3 Gage-A metal gage block for adjusting the height of 

bop of the cup, having the dimensions shown in Fig. 3. The 
lesign of the tool may vary provided the gage will rest 
ecurely on the base without being susceptible to rocking, 
md the edge which contacts the cup during adjustment is 
,might, at least 10 mm (3/s in.) wide, and without bevel or 
adius. 

, 

6.4 Containers-Small corrosion-resistant containers with 
snug-fitting lids for water content specimens. Aluminum or 
stainless steel cans 2.5 cm (1 in.) high by 5 cm (2 in.) in 
diameter are appropriate. 

6.5 Balance-A balance readable to at least 0.01 g and 
having an accuracy of 0.03 g within three standard devia- 
tions within the range of use. Within any 15-g range, a 
difference between readings shall be accurate within 0.01 g 
(Notes 4 and 5). 

NOTE 4--See Methods E 898 and E 319 for an explanation of terms 
relating to balance performance. 
NOTE 5-For frequent use, a toploading type balance with auto- 

matic load indication, readable to 0.01 & and having an index of 
precision (standard deviation) of 0.003 or better is most suitable for this 
method. However, nonautomatic indicating equal-m analytical bal- 
ances and some small equal arm top pan balances having readabilities 
and sensitivities of 0.002 g or better provide the muired accuracy when 
used with a weight set of ASTM Class 4 (National Bureau of Standards 
Class P) or better. ordinary commercial and classroom type balances 
such as beam balances are not suitable for this method. 

6.6 Storage Container-A container in which to store the 
prepared soil specimen that will not contaminate the spec- 
imen in any way, and which prevents moisture loss. A 
porcelain, glass, or plastic dish about 11.4 cm (4% in.) in 
diameter and a plastic bag large enough to enclose the dish 
and be folded over is adequate. 

DIMENSIONS IN MIL LIMETRES 

FIG. 3 Height of Drop Gage 
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' POINT WHERE 
CUP CONTACTS EASE 

" HEIGHT GAUGE 

lN ADJUSTMENT OPERATION 

9s. 4 Ce!lk.PHn!! !or Might e? Drop 

6.7 Ground Glass Plate-A ground glass plate at least 30 
cm (1 2 in.) square by 1 cm (U in.) thick for mixing soil and 
rolling plastic limit threads. 

6.8 Spatula-A spatula or pill knife having a blade about 
2 cm (3h in.) wide by about 10 cm (4 in.) long. In addition, a 
spatula having a blade about 2.5 cm (1 in.) wide and 15 cm 
(6 in.) long has been found useful for initial mixing of 
samples. 

6.9 Sieve-A 20.3 cm (8 in.) diameter, 425-pm (No. 40) 
sieve conforming to the requirements of Specification E 11 
and having a rim at least 5 cm (2 in.) above the mesh. A 
2-mm (No. 10) sieve meeting the same requirements may 
also be needed. 

6.10 Wash Bottle, or similar container for adding con- 
trolled amounts of water to soil and washing fines from 
coarse particles. 

6.1 1 Drying Oven-A thermostatically controlled oven, 
preferably of the forced-draft type, capable of continuously 
maintaining a temperature of 110 f 5°C throughout the 
drying chamber. The oven shall be equipped with a ther- 
mometer of suitable range and accuracy for monitoring oven 
temperature. 

6.12 Washing Pan-A round, flat-bottomed pan at least 
7.6 cm (3 in.) deep, slightly larger at the bottom than a 
.20.3-cm (8-in.) diameter sieve. 

6.13 Rod (optional)-A metal or plastic rod or tube 3.2 
mm (YE in.) in diameter and about 10 cm (4 in.) long for 
judging the size of plastic limit threads. 

7. Materials 
7.1 A supply of distilled or demineralized water. 

8. Sampling 
8.1 Samples may be taken from any location that satisfies 

testing needs. However, Methods C 702, Practice D 75, and 
Recommended Practice D 420 should be used as guides for 
selecting and preserving samples from various types of 
sampling operations. Samples which will be prepared using 
the wet preparation procedure, 10.1, must be kept at their 
natural water content prior to preparation. 

8.2 Where sampling operations have preserved the natural 
stratification of a sample, the various strata must be kept 
s e y t e d  and tests performed on the particular stratum of 
interest wi& as little contamination as possible from other 
strata. Where a mixture of materials will be used in construc- 

tion, combine the various components in such propoi 
that the resultant sample represents the actual constru 

8.3 Where data from this test method are to be us 
correlation with other laboratory or field test data, w 
same material as used for these tests where possible. 

8.4 Obtain a representative portion from the total ss 
sufficient to provide 150 to 200 g of material .passin 
425-pm (No. 40) sieve. Free flowing samples may be rec 
by the methods of quartering or splitting. Cohesive sa: 
shall be mixed thoroughly in a pan with a spatula, or 
and a representative portion scooped from the total m: 
making one or more sweeps with a scoop through the 1 
mass. 

case. 

9. Calibration of Apparatus 
9.1 Inspection of Wear: 
9.1.1 Liquid Limit Device-Determine that the 

limit device is clean and in good working order 
following specific points should be checked: 

9.1.1.1 Wear of Base-The spot on the base whe 
cup makes contact should be worn no greater than 1 
( 3 h  in.) in diameter. If the wear spot is greater than th 
base can be machined to remove the worn spot provid 
resurfacing does not make the base thinner than speci 
6.1 and the' other dimensional relationships are maint 

9.1.1.2 Wear ofcup-The cup must be replaced wb 
grooving tool has worn a depression in the cup 0. 
(0.004 in.) deep or when the edge of the cup ha! 
reduced to half its original thickness. Verify that the 
firmly attached to the cup hanger. 

9.1.1.3 Wear of Cup Hanger-Verify that the cup 
pivot does not bind and is not worn to an extent that 
more than 3-mm (%-in.) side-to-side movement of the 
point on the rim. 

9.1.1.4 Wear of Cam-The cam shall not be won 
extent that the cup drops before the cup hangei 
follower) loses contact with the cam. 

9.1.2 Grooving Tools-Inspect grooving tools for H 

a frequent and regular basis. The rapidity of wear dew 
the material from which the tool is made and the r: 
soils being tested. Sandy soils cause rapid wear of g 
tools; therefore, when testing these materials, tools shc 
inspected more frequently than for other soils. Any to 
a tip width greater than 2.1 mm must not be used. Thi 
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the tip of the grooving tool must .be 7.9 to 8.1 mm. 
VOTE 6-The width of the tip of grooving tools is conveniently 
rked using a pocket-sized measuring magnifier equipped with a 
llimetre d e .  Magnifiers of this type are available from most 
oratory supply companies. The depth of the tip of grooving tools can 
checked using the depth measuring feature of vernier calipers. 

9.2 Adjustment of Height of Drop-Adjust the height of 
op of the cup so that the point on the cup that comes in 
)ntact with the base rises to a height of 10 f 0.2 mm. See 
g. 4 for proper location of the gage relative to the cup 
uing adjustment. 
NOTE 7-A convenient procedure for adjusting the height of drop is 
follows: place a piece of masking tape acfoss the outside bottom of the 
p parallel with the axis of the cup hanger pivot. The edge of the tape 
my from the cup hanger should bisea the spot on the cup that contacts 
e base. For new cups, placing a piece of carbon paper on the base and 
lowing the cup to drop several times will mark the contact spot. Attach 
e cup to the device and turn the crank until the cup is raised to its 
mimum height- Slide the height gage under the cup from the front, 
id o m e  whether the gage contacts the cup or the tape. See Fig. 4. If 
le tape and cup are both contacted, the height of drop is approximately 
meet. If not, adjust the cup until simultaneous contact is made. Check 
ijustment by turning the crank at 2 revolutions per second while 
olding the gage in position against the tape and cup. If a ringing or 
licking sound is heard without the cup rising from the gage, the 
djustment is correct. If no ringing is heard or if the cup rises from the 
age, readjust the height of drop. If the cup rocks on the gage during this 
hecking operation, the cam follower pivot is excessively worn and the 
{om parts should be replaced. Always remove tape after completion of 
djutment operation. 

MULTIPOINT LIQUID  PROCEDURES A AND B 

IO. Preparation of Test Specimens 
10.1 Wet Preparation-Except where the dry method of 

,pecimen preparation is specified (10.2), prepare specimens 
for test as described in the following sections. 

10.1.1 Samples Passing the 425-pm (No. 40) Sieve- 
When by visual and manual procedures it is determined that 
the sample has little or no material retained on a 425-pm 
(No. 40) sieve, prepare a specimen of 150 to 200 g by mixing 
thoroughly with distilled or demineralized water on the glass 
plate using the spatula. If desired, soak soil in a storage dish 
with small amount of water to soften the soil before the start 
of mixing. Adjust the water content of the soil to bring it to a 
consistency that would require 25 to 35 blows of the liquid 
Limit device to close the groove (Note 8). If, during mixing, a 
small percentage of material is encountered that would be 
retained on a 425-pm (No. 40) sieve, remove these particles 
by hand, if possible. If it is impractical to remove the coarser 
material by hand, remove small percentages (less than about 
15 9%) of coarser material by working the specimen through a 
425-pm (No. 40) sieve using a piece of rubber sheeting, 
rubber stopper, or other convenient device provided the 
operation does not distort the Sieve or degrade material that 
would be retained if the washing method described in 10.1.2 
were used. If larger percentages of coarse material are 
encountered during mixing, or it is considered impractical to 
remove the coarser material,by the methods just described, 
wash the sample as described in 10.1.2. When the coarse 
particles found during miXing are concretions, shells, or 
other fragile particles, do not crush these particles to make 
them pass a 425-pm (No. 40) Sieve, but remove by hand or 
by washing. Place the mixed soil in the storage dish, cover to 

prevent loss of moisture, and allow to stand for at least 16 h 
(overnight). After the standing period and immediately 
before starting the test, thoroughly remix the soil. 

NOTE 8-The time taken to adequately mix a soil will vary greatly, 
depending on the plasticity and initial water content. Initial mixing 
times of more than 30 min may be needed for M, fat clays. 

10.1.2 Samples Containing Material Retained on a 425- 
prn (No. 40) Sieve: 

10. I .2.1 Select a sufficient quantity of soil at natural water 
content to provide 150 to 200 g of material passing the 
425-pm (No. 40) sieve. Place in a pan or dish and add 
sufficient water to cover the soil. Allow to soak until aU 
lumps have softened and the fines no longer adhere to the 
surfaces of the coarse particles (Note 9). 
N m  9-111 some cases, the cations of salts present in tap water wil l  

exchange with the natural cations in the soil and significantly alter the 
test results should tap water be used in the soaking and washing 
operations. Unless it is known that Such cations are not present in the 
tap water, distilled or demineralized water should be used. As a general 
rule, water containing more than 100 mg/L. of dissolved sotids should 
not be used for washing operations. 

10.1.2.2 When the sample contains a large percentage of 
material retained on the 425-pm (No. 40) sieve, perform the 
following washing operation in increments, washing no more 
than 0.5 kg (1 Ib) of material at one time. Place the 425-pm 
(No. 40) sieve in the bottom of the clean pan. Pour the soil 
water mixture onto the sieve. If gravel or coarse sand 
particles are present, rinse as many of these k possible with 
small quantities of water from a wash bottle, and discard. 
Alternatively, pour the soil water mixture over a 2-mm (No. 
10) sieve nested atop the 425-pm (No. 40) sieve, rinse the 
fine material through and remove the 2-mm (No. 10) sieve. 
After washing and removing as much of the coarser material 
as possible,.add sufficient water to the pan to bring the level 
to about 13 mm (Y2 in.) above the surface of the 425-pm (No. 
40) sieve. Agitate the slurry by stirring with the fingers while 
raising and lowering the sieve in the pan and swirling the 
suspension so that fine material is washed from the coarser 
particles. Disaggregate fine soil lumps that have not slaked by 
gently rubbing them over the sieve with the fingertips. 
Complete the washing operation by +sing the sieve above 
the water surface and rinsing the material retained with a 
small amount of clean water. Discard material retained on 
the 425-pm (No. 40) sieve. 

10.1.2.3 Reduce the water content o f k e  material passing 
the 425-pm (No. 40) sieve until it approaches the liquid 
limit. Reduction of water content may be accomplished by 
one or a combination of the following methods: (a) exposing 
the air currents at ordinary room temperature, (6)  exposing 
to warm air currents from a source such as an electric hair 
dryer, (c )  filtering in a Buchner funnel or using filter candles, 
(d) decanting clear water fiom surface of suspension, or (e) 
draining in a colander or plaster of paris dish lined with high 
retentivity, high wet-strength filter paper.’ If a plaster of paris 
dish is used, take care that the dish never becomes suffi- 
ciently saturated that it fails to actively absorb water into its 
surface. Thoroughly dry dishes between uses. During evapo- 
ration and cooling, stir the sample often enough to prevent 
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overdrying of the fringes and soil pinnacles on the surface of 
the mixture. For soil samples containing soluble salts, use a 
method of water reduction such as a or b that will not 
eliminate the soluble salts from the test specimen. 

10.1.2.4 Thoroughly mix the material passing the 425-pm 
(No: 40) sieve on the glass plate using the spatula. Adjust the 
water content of the mixture, if necessary, by adding small 
increments of distilled or demineralized water or by allowing 
the mixture to dry at room temperature while mixing on the 
glass plate. The soil should be at a water content that will 
result in closure of the groove in 25 to 35 blows. Return the 
mixed soil to the mixing dish, cover to prevent loss of 
moisture, and allow to stand for at least 16 h. After the 
standing period, and immediately before starting the test, 
remix the soii thorougbiy. 

10.2 Dry Preparation: 
10.2.1 Select suf6cient soil to provide 150 to 200 g of 

material passing the 425-pm (No. 40) sieve after processing. 
Dry the sample at room temperature or in an oven at a 
temperature not exceeding 60'C until the soil clods will 
pulverize readily. Disaggregation is expedited if the sample is 
not allowed to completely dry. However, the soil should have 
a dry appearance when pulverized. Pulverize the sample in a 
mortar with a rubber tipped pestle or in some other way that 
does not cause breakdown of individual grains. When the 
coarse particles found during pulverization are concretions, 
shells, or other fragile particles, do not crush these particles 
to make them pass a 425-pm (No. 40) sieve, but remove by 
hand or other suitable means, such as washing. 

10.2.2 Separate the sample on a 425-pm (No. 40) sieve, 
shaking the sieve by hand to assure thorough separation of 
the finer fraction. Return the material retained on the 
425-pm (No. 40) sieve to the pulverizing apparatus and 
repeat the pulverizing and sieving operations as many times 
as necessary to assure that all finer material has been 

. . '  .. . 
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disaggegated and material retained on the 425-pm (No. 
sieve consists only of individual sand or gravel grains. 

10.2.3 Place material remaining on the 425-pm (No. 
sieve after the final pulverizing operations in a dish and ! 
in a small amount of water. Stir the soil water mixture 
pour over the 425-pm (No. 40) sieve, catching the water 
any suspended fines in the washing pan. Pour this suspen 
into a dish containing the dry soil previously sieved thrc 
the 425-pm (No. 40) sieve. Discard material retained or 
425ym (No. 40) sieve. 

10.2.4 Adjust the water content as neceSSary by dryir 
described in 10.1.2.3 or by mixing on the glass plate, L 
the spatula while adding increments of distilled 
demineralized water, until the soil is at a water content 

10.2.5 Put soil in the storage dish, cover to prevent la 
moisture and allow to stand for at least 16 h. Aftex 
standing period, and immediately before starting the 
thoroughly remix the soil (Note 8). 

.>*lii z-12: &ycre of 'A:: ,--cs*,re 25 ;o 35 b:cg& 

11. Procedure 
1 1.1 Place a portion of the prepared soil in the cup o 

liquid limit device at the point where the cup rests OK 
base, squeeze it down, and spread it into the cup to a d 
of about 10 mm at its deepest point, 'tapering to fon 
approximately horizontal surface. Take care to eliminal 
bubbles from the soil pat but form the pat with as few Stl 
as possible. Heap the unused soil on the glass plate and 
with the inverted storage dish or a wet towel. 

11.2 Form a groove in the soil pat by drawing the 
beveled edge forward, through the soil on a line joinin 
highest point to the lowest point on the rim of the cup. F 
cutting the groove, hold the grooving tool against the su 
of the cup and draw in an arc, maintaining the 
perpendicular to the surface of the cup througho~ 

.. . 
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FIG. 5 Grooved Soil Pat m Liquid Limit Device 
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FIG. 6 Soil Pat After 

movement. See Fig. 5 .  In soils where a groove cannot be 
made in one stroke without tearing the soil, cut the groove 
with several strokes of the grooving tool. Alternatively, cut 
the groove to slightly less than required dimensions with a 
spatula and use the grooving tool to bring the groove to final 
dimensions. Exercise extreme care to prevent sliding the soil 
pat relative to the surface of the cup. 

1 1.3 Verify that no crumbs of soil are present on the base 
or the underside of the cup. Lift and drop the cup by turning 
the crank at a rate of 1.9 to 2.1 drops per second until the 
two halves of the soil pat come in contact at the bottom of 
the groove along a distance of 13 mm (Yz in.). See Fig. 6. 

NOTE 10-Use the end of the grooving tool, Fig. 2, or a scale to verify 
that the groove has closed 13 mm (Ih in.). 

11.4 Verify that an air bubble has not caused premature 
closing of the groove by observing that both sides of the 
groove have flowed together with approximately the same 
shape. If a bubble has caused premature closing of the 
groove, reform the soil in the cup, adding a small amount of 
soil to make up for that lost in the grooving operation and 
repeat 1 1.1 to 1 1.3. If the soil slides on the surface of the cup, 
repeat 1 1.1 through 11.3 at a higher water content. If, after 
several trials at successively higher water contents, the soil 
pat continues to slide in the cup or if the number of blows 
required to close the groove is always less than 25, record 
that the liquid limit could not be determined, and report the 
soil as nonplastic without performing the plastic limit test. 

1 1.5 Record the number of drops, N, required to close the 
groove. Remove a slice of soil approximately the width of the 
spatula, extending from edge to edge of the soil cake at right 
angles to the groove and including that portion of the groove 
in which the soil flowed together, place in a weighed 
container, and cover. 

11.6 Return the soil remaining in the cup to the glass 
plate. Wash and dry the cup and grooving tool and reattach 

Groove Has Closed 

the cup to the carriage in preparation for the next trial. 
11.7 Remix the entire soil specimen on the glass plate 

adding distilled water to increase the water content of the soil 
and decrease the number of blows required to close the 
groove. Repeat 1 1.1 through 1 1.6 for at least two additional 
trials producing successively lower numbers of blows to close 
the groove. One of the trials shall be for a closure requiring 
25 to 35 blows, one for closure between 20 and 30 blows, and 
one trial for a closure requiring 15 to 25 blows. 

11.8 Determine the water content, W ,  of the soil spec- 
imen from each trial in accordance with Method D 22 16. 
Make all weighmgs on the same balance. Initial weighings 
should be performed immediately after completion of the 
test. If the test is to be interrupted for more than about 15 
min, the specimens already obtained should be weighed at 
the time of the interruption. 

12. Calculations 
12.1 Plot the relationship between ihe water content, W,, 

and the corresponding number of drops, N, of the cup on a 
semilogarithmic graph with the water content as ordinates on 
the arithmetical scale, and the number of drops as abscissas 
on the logarithmic scale. Draw the best straight line through 
the three or more plotted points. 

12.2 Take the water content corresponding to the inter- 
section of the line with the 25-drop abscissa as the liquid 
limit of the soil. Computational methods may be substituted 
for the graphical method for fitting a straight line to the data 
and determining the liquid limit. 

" 

ONE-POINT LIQUID LIMlT-PROCEDURES C AND D 

13. Preparation of Test Specimens 
13.1 Prepare the specimen in the same manner as de- 

scribed in Section 10, except that at mixing, adjust the water 
content to a consistency requiring 20 to 30 drops of the 
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TABLE 1 Factors for Obtaining Liquid Limit from Water Content 

and Number of Dmps Causing Closure of Groove 
N K 

( N m o f  hops) (Factorbrliquidm) 

20 0.974 
21 0.979 
22 0.985 

- 2 3  0.990 
24 0.995 
25 1 .Ooo 
26 1.005 
a 1 .m 
28 1.014 
29 1.018 
30 1.022 

liquid limit cup to close the groove. 

14. Procedure 
14.1 Proceedasdescribedin 11.1 through 11.5exceptthat 

the number of blows required to close the groove shall be 20 
to 30. If less than 20 or more than 30 blows are required, 
adjust the water content of the soil and repeat the procedure. 

14.2 Immediately after removing a water content spec- 
imen as described in 11.5, reform the soil in the cup, adding 
a small amount of soil to make up for that lost in the 
grooving and water content sampling operations. Repeat 
1 1.2 through 1 1.5, and, if the second closing of the groove 
requires the same number of drops or no more than two 
drops difference, secure another water content specimen. 
Otherwise, remix the entire specimen and repeat. 

NOTE 11-Excessive drying or inadequate mixing will cause the 
number of blows to vary. 

14.3 Determine water contents of specimens as described 
in 11.8. 

15. Calculations 

specimen using one of the following equations: 

I 

15.1 Determine the liquid limit for each water content 

N 0.121 
LL = w&) or 

LL = K(WJ 
where: 
N 

W, = water content, and 
K 

values. 

values is greater than one percentage point, repeat the test. 

PLAsllCLIMIT 

= the number of blows causing closure of the groove at 

= a factor given in Table 1. 

water content, 

The liquid limit is the average of the two trial liquid limit 

15.2 If the difference betweem the two trial liquid Limit 

16. Preparation of Test Specimen 
16.1 Select a 20-g portion of soil from the material 

prepared for the liquid limit test, either after the second 
mixing before the test, or from the soil remaining after 
completion of the test. Reduce the water content of the soil 
to a consistency at which it can be rolled without sticking to 
the hands by spreading and miXing continuously on the glass 
plate. The drying process may be accelerated by exposing the 

soil to the air current from an electric fan, or by blotting 
paper that does not add any fiber to the soil, such as 
d a c e  paper toweling or high wet-strength filter paper 

17. Procedure 
17.1 From the 20-g mass, select a portion of 1.5 to : 

Form the test specimen into an ellipsoidal mass. Rol 
mass between the palm or fingers and the ground-glass 
with just sufficient pressure to roll the mass into a thre 
uniform diameter throughout its length (Note 12). 
thread shall be further deformed on each stroke so th 
diameter is continuously reduced and its length exte 
until the diameter reaches 3.2 k 0.5 mm (0.125 & .02C 
taking no more than 2 min (Note 13). The amount of 

soil. Fragile soils of low plasticity are best rolled unde 
outer edge of the palm or at the base of the thumb. 
NOTE 12-A normal rate of rolling for most soils should be 80 

strokes per minute, counting a stroke as one complete motion 
hand forward and back to the starting position. This rate of rollin 
have to be decreased for very fragile soils. 
NOTE 13-A 3.2-mm (YE-in.) diameter rod or tube is usef 

fresuent comparison with the soil thread to asceRain when the 
has reached the proper diameter, especially for inexperienced ope 

17.1.1 When the diameter of the thread becomes 3.2 
break the thread into several pieces. Squeeze the 
together, knead between the thumb and first finger of 
hand, reform into an ellipsoidal mass, and reroll. Con 
this alternate rolling to a thread 3.2 mm in dian 
gathering together, kneading and rerolling, until the tl 
Ciumbles under the pressure required for rolling and th 
can no longer be rolled into a 3.2-mm diameter thread 
Fig. 7). It has no significance if the thread breaks into th 
of shorter l e n d .  Roll each of these shorter threads t 
mm in diameter. The only requirement for continuin 
test is that they are able to be reformed into an ellips 
mass and rolled out again. The operator shall at no 
attempt to produce failure at exactly 3.2 mm diametl 
allowing the thread to reach 3.2 mm, then reducing thc 
of rolling or the hand pressure, or both, while continuin 
rolling without further deformation until the thread 
apart. It is permissible, however, to reduce the total axr 
of deformation for feebly plastic soils by making the i 
diameter of the ellipsoidal mas nearer to the req 
3.2-mm final diameter. If crumbling occurs when the tl 
has a diameter greater than 3.2 mm, this shall be consic 
a satisfactory end point, provided the soil has been I 
ously rolled into a thread 3.2 mm in diameter. Crumbli 
the thread will manifest itself differently with the va 
types of soil. Some soils fall apart in numerous 
aggregations of particles, others may form an outside tu 
layer that starts splitting at both ends. The spl 
progresses toward the middle, and finally, the thread 
apart in many small platy particles. Fat clay soils re 
much pressure to deform the thread, particularly as 
approach the plastic limit. With these soils, the thread b 
into a series of barrel-shaped segments about 3.2 to 9.5 
(Ys to 31s in.) in length. 

17.2 Gather the portions of the crumbled thread tog 
and place in a weighed container. Immediately cove 
container. 

nr Grins+ ...QCC..M ..-“..;-A ..ill .,n-, n...an+l.. ..?.r...v.A;-.. 
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FIG. 7 Lean Clay Soil at the Plastic Limit 

17.3 Select ~IIUWW 1.5 to 2.0 g portion of soil from the 
original 20-g specimen md repeat the operations described 
in 17.1 and 17.2 until the container has at least 6 g of soil. 

17.4 Repeat 17.1 through 17.3 to make another container 
holding at least 6 g of soil. Deternine the water content, in 
percent, of the soil contained in the containers in accordance 
with Method D 2216. Make all weighing on the same 
balance. 
NOTE 14-The intent of performing two plastic limit trials is to 

verify the consistency of the test results. It is acceptable practice to 
perform only one plastic limit trial when the consistency in the test 
results can be c o h e d  by other means. 

18. Calculations 
18.1 Compute the average of the two water contents. If 

the difference between the two water contents is greater than 
two percentage points, repeat the test. The plastic limit is the 
average of the two water contents. 

P W C I T Y  INDEX 

19. Calculations 
19.1 Calculate the plasticity index as follows: 

P I = U - P L  
where: 
LL = theliquidlimit, 
PL = theplasticlimit. 

Both LL and PL are whole numbers. If either the liquid 
limit or plastic limit could not be determined, or if the plastic 
limit is equal to or greater than the liquid limit, report the 
soil as nonplastic, NP. 

20. Report 
20.1 Report the following information: 

20.1.1 Sample identifying information, 
20.1.2 Any special specimen selection process used, such 

as removal of sand lenses from undisturbed sample, 
20.l.3 Report sample as airdried if the sample was air- 

dried before or during preparation, 
20.1.4 Liquid limit, plastic limit, and plasticity index to 

the nearest whole number and omitting the percent designa- 
tion. If the liquid limit or plastic limit tests could not be 
performed, or if the plastic limit is equal to or greater than 
the liquid limit, report the soil as nonplastic, NP, 

20.1.5 An estimate of the percentage of sample retained 
on the 425-pm (No. 40) sieve, and 

20.1.6 Procedure by which liquid limit was performed, if 
it differs from the multipoint method. 

21. Precision and Bias 
21.1 No interlaboratory testing progiam has as yet been 

conducted using this test method to determine multilab- 
oratory precision. 

2 1.2 The within laboratory precision of the results of tests 
performed by different operators at one laboratory on two 
soils using Procedure A for the liquid limit is shown in Table 
2. 

TABLE 2 Within Labdratory Precision for Liquid Limit 

Average Value, zt Standard 
Deviation. s 

soil A. 
PL 21.9 1.07 
L L '  27.9 1.07 

PL 20.1 1.21 
LL 32.6 0.98 

Soil B: 
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The American Society for Testing and Materials takes no positton respecting the validity of any parent rig& asset~ed in connection 
with any item mentioned in thk standard. Users  of this standard are expressiy advised that determination of UH, validity of any such 
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2216 Method for Laboratory Determination of Water 
(Moisture) Content of Soil, Rock, and Soil-Aggregate 
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ZERO PRlMbRY SWELL 
bT OIbL REbDlNG 0 4066 hese test methods arc under the jurisdiction of ASTM Committee Dl 8 on 

and Rock and are the direct responsibility of Subcommittee D18.05 on I I I I 

Standard Test Methods for 
One-Dimensional Swell or Settlement Potential of Cohesive 
Soils’ 

This standard is issued under the fixed designation D 4546, the number immediately following the designation indicates the year of 
original adoption or. in the c a ~ e  of d o n ,  the year of last revision. A number in parentheses indicates the year of last reapproval. A 
supmcript epsilon (0 indicates an editorial change since the last revision or reapproval. 

:ope 
These test methods cover three alternative laboratory 

~ods for determining the magnitude of swell or settle- 
! of relatively undisturbed or compacted cohesive soil. 

D4220 Practices for Preserving and Transporting Soil 

D 43 18 Test Method for Liquid Limit, Plastic Limit, and 
Samples2 

Plasticity Index of Soils 

! The test methods can be used to determine (a)  the 
litude of swell or settlement under known vertical 
1) pressure, or (b) the magnitude of vertical pressure 
ed to maintain no volume change of laterally con- 
ned, axially loaded specimens. 
1 The values stated in SI units are to be regarded as the 
iard. The values stated in inch-pound units are approx- 
e. 
$ This standard does not purport to address all of the 
y problems associated with its use. It is the respomibility 
e user of this standard to establish appropriate safety and 
!h practices and determine the applicability of regulatory 
kztions prior to use. 

Leferenced Documents 

1 ASTM Standards: 
422 Method for Particle-Size Analysis of So& 
653 Terminology Relating to Soil, Rock, and Contained 
Fluid2 
698 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixtures Using 5.5-lb (2.49-kg) 
Rammer and 12-in. (305-mm) D r o ~  
854 Test Method for Specific Gravity of So&? 
1557 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixtures Using 10-lb (4.54-kg) 
Rammer and 18-in. (457-mm) Drop2 

12435 Test Method for One-Dimensional Consolidation 
Properties of soils2 
13550 Practice for Ring-Lined Barrel Sampling of Soils2 
,3877 Test Methods for One-Dimensional Expansion, * 0 2  MIN 01 

w 

Shrinkage, and Uplift Pressure of Soil-Lime Mixture? 

.... ._. ...... 
FIG. 1 l ime - Swell Curve 
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3.2.9 swell pressure, FL-’-(I) a pressure which prevents 
*he specimen fiom swelling as obtained in Method C, or (2) 
nat pressure which is required to return the specimen back 

to its originaI state (void ratio, height) after swelling in 
Method A or-B. 
N& Z-SW~II pressum by ~ e t h ~ d  c co~cted for specimen 

disturbance m a y  be similar to or slightly greater than those by Method 
A. 

4. Summary of Test Methods 
4.1 The following three alternative test methods require 

that a mil specimen be restrained laterally and loaded axially 
in a consolidometer with access to free water. 

4.1.1 Method A-The specimen is inundated and allowed 

1 kPa (20 lbf/ftz) applied by the weight of the top porous 
stone and load plate) until primary swell is complete. The 
specimen is loaded after primary swell has occurred until its 
initial void ratiobeight is obtained. 

4.1.2 Method B-A vertical pressure exceeding the seating 
pressure is applied to the specimen before placement of free 
water into the consolidometer. The magnitude of vertical 
pressure is usually equivalent to the in situ vertical 
overburden pressure or structural loadin& or both, but may 
vary depending on application of the test results. The 
specimen is given access to free water. This may result in 
swell, swell then contraction, contraction, or contraction 
then swell. The amount of swell or settlement is measured at 
the applied pressure after movement is negligible. 

4.1.3 Mezhod C-The specimen is maintained at constant 
height by adjustments in vertical pressure after the specimen 
is inundated in free water to obtain swell pressure. A 
consolidation test is subsequently performed in accordance 
with Test Method D 2435. Rebound data is used to estimate 
potential heave. 

~o sweii venidy ai &e --hg pmu-e (pz&&-e of & ;&AL 

5. Significance and Use 
5.1 The relative swell/settlement potential of soil deter- 

mined from these test methods can be used to develop 
estimates of heave or settlement for given final moisture and 
loading conditions. The initial water content and void ratio 
should be representative of the in situ soil immediately prior 
to construction. Selection of test method, loadin& and 
inundation sequences should, as closely as possible, simulate 
any construction and postconstruction wetting and drying 
effects and changes in loading conditions. 

5.2 Soils containing montmorillonites (Smdte)  are 
likely to have a -cant potential for swell and are 
commonly tested by these test methods. 

N m  3-Montmorillonitcs with divalent cations usually swell less 
than with monovalent cations. It is useful to know the type of cation as 
well as the cation exchange capacity of montmorillonite. 

5.3 Laboratory-prepared test specimens should duplicate 
the in situ soil or field-compacted soil conditions as closely as 
possible because relatively small variations in unit weight 
and water content can significantly dter the measured heave 
and swell pressure. Differences in soil fabric of the com- 
pacted specimens, such as obtained by kneading or static 
compaction, could also have a significant impact on the 
swell/settlement behavior of cohesive soils. 

5.4 These test methods are applicable to undisturbed 1 
or remolded specimens, or both, as follows: 

5.4.1 Method A-This test method measures (a) the f 
swell, (b) percent heave for vertical confining pressures UT 
the swell pressure, and (c) the swell pressure. 

percent heave or settlement for vertical pressure usui 
equivalent to the estimated in situ vertical overburden i 
other vertical pressure up to the swell pressure, and (b) 
swell pressure. 

5.4.3 Method C-This test method measures (a) the s\ 
pressure, (b) preconsolidation pressure, and (c) percent he 
or settlement within the range of applied vertical pressur 

NOTE &Methods A and C have produced estimates of hi 
G-&-ezi %+A& &&T& hwv.c. E -&? *& 
heave less than observed heave. Method A has not been recOmmer 
for evaluation of swell pressure and consolidation parameters 
settlement estimates because sorption of water under practicall) 
restraint may disturb the soil structure. 

5.4.2 Method &-This test method measures (a) 

6. Interferences 
6.1 Estimates of the swell and settlement of soil de 

mined by these test methods are often of key impoxtano 
design of floor slabs on grade and evaluation of t 
performance. However, when using these estimates i 
recognized that swell parameters determined from these 
methods for the purpose of estimating in situ heave 
foundations and compacted soils may not be representa 
of many field conditions because: 

6.1.1 Lateral swell and lateral confining pressure are 
simulated. 

6.1.2 Swell in the field usually occurs under cons 
overburden p-ure, depending on the availability of Wi 
Swell in the laboratory is evaluated by observing change 
volume due to changes in applied pressure while the s 
imen is inundated with water. Method B is designed to a 
this limitation. 

6.1.3 Rates of swell indicated by swell tests are not al! 
reliable indicators of field rates of heave due to fissures ir 
in situ soil mass and inadequate simulation of the ac 
availability of water to the mil. The actual availabilit 
water to the foundation may be cyclic, intermittent 
depend on in-place situations, such as peMous soil-f 
trenches and broken water and drain lines. 

6.1.4 Secondary or long-term swell may be signisCan 
some soils and should be added to primary swell. 

6.1.5 Chemical content of the inundating water af 
volume changes and swell pressure; that is, field v 
containing large concentrations of calcium ions will pro 
less swelling than field water containing large concentral 
of sodium ions or even rain water. 

6.1.6 Disturbance of naturally Occurring soil san 
greatly dimhishes the meaningfulness of the d t s .  

7. Apparatus and Materials 
7.1 Consolidometer-The apparatus shall comply 

the requirements of Test Method D 2435. The appa 
shall be capable of exerting a pressure on the specimen ( 
at least 200 % of the maximum anticipated design pres 
or (2) the pressure required to maintain the original 
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ien height when the specimen is.inundated (Method C), 
hichever is greatest. 
7.1.1 Consolidometer rigidity influences the observed 
fell, particularly with Method C. Therefore, consolid* 
eters of high rigidity should be used with Method C (see * Method D 2435). 
NOTE 5-Small increases in soil volume can significantly relieve 

pressures. Therefore, variations in displacements that occur during 
termination of swell pres~ures by Method C should be as smaU'as 
issible to reduce the magmtude of correction required in 13.2.5. The 
easurements, especially swell pressure measurements, should be based 
I corrections for compression of members. 

7.2 Porous Stones-The stones shall be smooth ground 
id fine enough to minimize intrusion of soil into the stones 
filter paper is not used and shall reduce false displacements 
iused by seating of the specimen against the surface of 
irous stones (Note 6). Such displacements may be signiii- 
mt, especially if displacements and applied vertical pres- 
ues are small. 
7.2.1 Porous stones shall be air dry. 
7.2.2 Porous stones shall fit close to the consolidometer 
ng to avoid extrusion or punching at high vertical pressures. 
uitable stone dimensions are described in 5.3 of Test 
Iethod D 2435. 
NOTE 6-A suitable pore Size is 10 pm if filter paper is not used. 

dter paper is not recommended because of its high compressibility and 
iould not be used when measuring the swell/settlememt of stiff clays 
Id when measuring swell pressure by Method C. 

7.3 Plastic Membrane, Aluminum Foil, or Moist Paper 
bwel, a loose fitting cover to enclose the specimen, ring, and 
orous stones prior to inundating the specimen, used to 
linimize evaporation from the specimen. 

. Sampling of Naturally Occurring Soils 
8.1 Disturbance of the soil sample from which specimens 

re to be obtained greatly dimhishes the meaningfulness of 
sults and should be minimized . Practice D 1587 and 
'ractice D 3550 cover procedures and apparatus that may be 
sed to obtain satisfactory undisturbed samples. 
8.2 Storage in sampling tubes is not recommended for 

welling soils even though stress relief may be minimal. The 
nfluence of rust and penetration of drilling fluid or free 
vater into the sample may advemely influence laboratory 
est results. Water and oxygen from the sample could cause 
he formation of rust within the tube which could result in 
he sample adhering to the tube. Therefore, sampling tubes 
hould be brass, stainless steel, or galvanized or lacquered 
nside to inhibit corrosion in accordance with Practice 
11587. 

8.3 If samples are to be stored prior to testing, they should 
E extruded from the sampling tubes as quickly as possible 
fter sampling and thoroughly sealed to minimize fiuther 
;tress relief and moisture loss. The sample should be 
:xtruded from the sampling tube in the same direction as 
ampled, to minimize further sample disturban ce. If the 
ample cannot be extruded from the tubes immediately, they 
ihould be handled and shipped in accordance with Practices 
D 4220, Group D. 

adhering to the surface of the sample. An outer layer of 3 to 
6 mm (0.1 to 0.3 in.) should be trimmed from the cylindrical 
surface of the samples so that moisture or the slurry will not 
penetrate into the sample and alter the swell potential, swell 
pressure, and other soil parameters. Such trimming will also 
remove some disturbance at the periphery due to sidewall 
friction. Drilling with air or foam instead of slurry will 
reduce moisture penetration. 

8.5 Containers for storage of extruded samples may be 
either cardboard or metal and should be approximately 25 
mm (1  in.) greater in diameter and 40 to 50 mm (1.5 to 2.0 
in.) greater in length than the sample to be encased. 

8.6 Soil samples stored in containers should be completely 
sealed in wax. The temperature of the wax should be 8 to 
14°C (15 to 25°F) above the melting point when applied to 
the soil sample; wax that is too hot will penetrate pores and 
cracks in the sample and render it useless and will also dry 
the sample. Aluminum foil, cheese cloth, or plastic wrap 
may be placed around the sample to prevent penetration of 
molten wax into open fissures. A small amount of wax 
(about 113-mm or 0.5-in. thickness) should be placed in the 
bottom of the container and allowed to partly congeal. The 
sample should subsequently be placed in the container, 
completely immersed and covered with molten wax, and 
then allowed to cool before moving. 
NOTE 7-A good wax for sealing expansive soils consists of a 1 to 1 

mixture of paraf€in and microaystalline wax or 100 '3% beeswax. 

8.7 Examine and test samples as soon as possible after 
receipt; however, samples required to be stored should be 
kept in a humid room and may require rewaxing and 
relabeling before storage. Samples encased in wax or sam- 
pling tubes may be cut Using a band-saw. The soil specimen 
should be adequately supported while trimming to size using 
sharp and clean instruments. The specimen may be extruded 
from a section of sampling tube and trimmed in one 
continuous operation to minimize sampling disturbance. 

. 

. ~ 

' 

9. Specimen Reparation 
9.1 U n d i s t m  or laboratory-compacted specimens may 

be used for testing. Prepare laboratory-compacted specimens 
to duplicate compacted fills as closely as possible. 

NOTE 8-The compaction method, such kneading or static 
compaction, may influence the volume change bepavior when prepared 
wet of optimum water content. Compaction of laboratory specimens is 
described in Test Methods D 698 and Test Methods D 1557. Swelling 
soil is sometimes adequately treated with lime and test specimens 
compacted as described in Test Methods D 3877. 

-donre with Test Method 
---- im.Tegt- 

9.2 Trim the specimei 
D2435. A ring extensic 
Methods D3877 may A 
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. NOTE 9-Tests with Specimens recased 5 mm (0.2 in.) in rings of 
25-mm ( 1 .@in.) height have performed adequately. 

10. Calibration 
10.1 Calibrate the consolidation machine in accordance 

with Test Method D 2435. 
10.2 Measure the compressibility of the apparatus with a 

smooth copper, brass, or hard steel disk substituted for the 
soil specimen. The disk should be approximately the same 
height as the specimen and 1 mm (0.04 in.) smaller in 
diameter than that of the ring. Place moistened filter papers 
between the porous stones and metal disk if filter papers are 
to be used during the test. Allow sufficient time for moisture 
to be squeezed from the filter paper during each load 
increment and decrement. The deflections of the calibration 
test are subtracted from the deflections of the soil test for 
each load increment and decrement. 
NOTE IO-When filter paper is used, calibration must duplicate the 

exact load increment/decrement sequence due to inelastic compression 
of paw, thus, calibration is needed for each test. Periodic calibration 
will suffice for tests without filter paper. 

11. Associated Soid Properties 
1 1.1 Determine the initial (or natural) water content, wet 

and dry unit weights, volume, and initial void ratio in 
accordance with Test Method D 2435. Determine the spe- 
cific gravity in accordance with Test Method D 854 when 
results are required in terms of void ratio. The liquid limit, 
plastic limit, and plasticity index as determined in accord- 
ance with Test Method D 43 1 8 and the particle size distribu- 
5on for soils with substantial granular material as deter- 
mined in accordance with Method D422 are useful in 
identifying the soil and correlating results of tests on Merent 
soils. 

12. Procedme 
12.1 Assemble the ring with the specimen recessed in the 

nng, dry filter paper if used, and airdry porous stones in the 
loading device. Enclose the specimen, ring, filter paper, if 
any, and porous stones as soon as possible with a loose fitting 
plastic membrane, moist paper towel, or aluminum foil to 
minimize change in specimen water content and volume due 
to evaporation. This wrapping may be cut away and dis- 
carded at the time of specimen inundation. 
12.2 Apply a seating pressure, a,, of at least 1 kpa (20 

lbf/ftz). Within 5 min after application of a, adjust the 
extensometer deformation device for the initial or zero 

12.3 A graphical representation of results of the three 
alternative test methods shown in Fig. 2 includes corrections 
for consolidometer compressibility. These test methods are 
performed in accordance with Test Method D 2435 except as 
follows: 
12.3.1 Method A-After the initial deformation reading at 

the seating pressure is recorded, inundate the specimen and 
record deformations aftex various elapsed times. Readings at 
0.1,0.2,0.5, 1.0,2.0,4.0,8.0, 15.0, and 30.0 min and 1,2,4, 
9, 24, 48, and 72 h are usually satisfactory. Continue 
readings until primary swell is complete, as determined by 
the method illustrated in Fig. 1. After completion of swell, 
apply a vertical pressure of approximately 5, 10,20,40, 80, 

reading. 

etc., kpa (100, 200, 400, 800, 1600, etc., 1bf/p) with I 

pressure maintained constant in accordance with lo.< 
Test Method D 2435. Maintain pressure until the speci 
is recompressed to its initial void ratioheight. The dura 
of each load increment shall be equal and of a dura 
which assures 100 9% primary consolidation (see 11.2 or 
of Test Method D 2435). 
NOTE l l - sme  secondary swell must be recorded in ordi 

determine graphically the end of primary swell. 
NOTE 12-The duration of a typical loading increment is 1 dai 
NOTE 13-Vertical pressures may be applied to recompres 

specimen to void ratios less than the initial void ratio (point 6, F 
(Method A)) because the exact magnitude of verrical pressure reqi 
to recompress the specimen to its initial void ratio is unknown. Lo2 
units equipped with pneumatic regulators are i d d y  suited for 
?!E! .  

12.3.2 Method A may be modified to place an in 
vertical stress, u,, on the specimen equivalent to the 
mated vertical pressure on the in situ soil within 5 mi1 
placing the seating pressure and securing the zero defor 
tion reading. Read the deformation within 5 min 
remove the vertical stress, except for the seating press 
Record the deformation within 5 min after removal of 
inundate the specimen, and continue the test as in 12. 
This modification provides a correction to the initial de 
mation reading at use in an effort to more closely duplil 
the in situ void ratio of the soil. 
12.3.3 Method B-Apply a vertical pressure exceeding 

seating pressure within 5 min of placing the seating press 
Read the deformation within 5 min of placing the verl 
pressure. The specimen is inundated immediately after 
deformation is read and deformation recorded after elar 
times similar to 12.3.1 until primary swell is compl 
Continue the test as in 12.3.1. 

to the estimated vertical in situ pressure or swell p m  
within 5 min after placement of the seating pressure. R 
the deformation within 5 min after placing uI, and imml 
ately inundate the specimen with water. Apply increment 
vertical stress as needed to prevent swell (see Note 
Variations from the deformation reading at the time 
specimen is inundated at stress uI shall be kept prefen 
within 0.005 mm (0.0002 in.) and not more than 0.010 I 
(O.OOO4 in.). Load the specimen in accordance with 12. 
following no M e r  tendency to swell (usually overnig 
Load increments shall be sufkient to define the maxim 
point of curvature on the consolidation curve and 
determine the slope of the virgin compression curve. 
rebound curve following consolidation shall also be de 
mined as illustrated in Fig. 2 (Method C). Duration 
rebound load decrements shall be in accordance with lo.( 
Test Method D 2435. 
NOTE 14-The use of small weight increments, such as lead s 

provide adequate control as needed to p e n t  swell. 

12.4 Measurements shall'include the time of readi 
applied stress, observed deformation, and corrections 
compression of members. 

13. Calculations 
13.1 Compute the initial void ratio or height, w2 

content, wet and dry unit weights, and degree of saturat 

12.3.4 Method C-Apply an initial stress, 01, 

856 
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FIG. 2 Void Ratio - Log Pressure Curves 

in accordance with Test Method D 2435. The void ratio or 
percent heave calculations are based on the final dial reading 
for each swell increment and load increment or decrement. 
The void ratio or percent heave may be plotted versus 
logarithm of the vertical pressure, as for examples of the 
three methods graphically illustrated in Fig. 2. The percent 
heave shall be relative to an initial specimen height, h,, 
observed for an appropriate applied vertical pressure, u (see 
4.1.2). Void ratio or percent heave versus vertical pressure on 
an arithmetic scale may also be useful for practical applica- 
tions. 

13.2 The data points from a plot of e versus loglo u (Fig. 
2) may be used to evaluate the swell and settlement 
parameters of the tested soil. 

13.2.1 Method A-The free swell at the seating pressure 
relative to the initial void ratio, e,, is given as follows (see 
Fig. 2 (Method A)): 

ese - eo Ah - x  lC)o=-X l o o =  -- 
h0 1 + eo Y&e 

(Tdo 1) 100 

where: 
ah = change in specimen height, 
h,, = initial specimen height, 

857 

e,, 
sure u50 

e, = initial void ratio, 
T~~ = dry unit weight at void ratio e, and 
rdse = dry unit weight at void ratio e,, 

= void ratio after stabilized swell at the seating pres- 
I 

NOTE 15-Figure 2 (Method A) iuustrates the free well  at a seating 
pressure use = 1 kPa (20 lbf/ftz). 

The percent heave of 6.9 76 may be read directly from the right ordinate 
of Fig. 2 (Method A) for e,, = 0.908, point 4. 

13.2.2 The percent heave at a vertical pressure, u, up to 
the swell pressure usp relative to eo or an appropriate initial 
vertical pressure u, is as follows (see Fig. 2 (Method A)): 

e - eo Ah - x  100=-x -- 
h0 I + eo c: l ) loo 

where: 
e = void ratio at vertical pressure, and 
yd = dry unit weight at void ratio e. 
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NOTE 16-figure 2 (Method A) iUusuateS a percent heave, as 
follows: 

0.830 - 0.785 Ah 
h, 1.000 + 0.785 

x 100 = 2.5 %. . - x  loo= 

where: , 
e =. e,,, = 0.830, and 
u'= uW = 100 kPa (2000 1bf/ft2). 
The swell pressure. uap is given by 400 kpa (8350 lbf/#) relative to e, = 
0.785. 

13.2.3'Figure 2 may be plotted with dry unit weight, Y~ 
versus logarithm of applied pressure, u, instead of void ratio 
e versus logarithm u if specific gravities were not determined. 
The swell for any change in dry unit weight within limits of 
the test results may be determined in a manner similar to 
tki? &%zxi~d i:: !?.2.!. 

13.2.4 Method B-The percent heave at the vertical 
pressure uvot applied following the seating pressure, (see 
4.1.2) relative to eo is given as follows (see Fg 2 (Method 
BN: 

- x  Ah loo=- evo-eo)( l()o=(I!&L , ) ,oo  
h0 1 + eo YdVO 

pressure uVm and 

where: 
e,, = void ratio after stabilized swell at the applied vertical 

rh = unit dry weight at void ratio e, 

NOTE 17-Figw-e 2 (Method B) iUustrates a percent heave, as 
follows: 

0.820 - 0.785 Ah 
- x  loo= 
h, 1.OOO + 0.785 

x loo = 2.0 % 

where 
u = uW = 100 kPa (2000 lbf/*), and 
uap = swell pressure = 350 kPa (7300 Ibf/ff) for e, = 0.785. 
Computations of settlement are similar if the specimen contracts at the 
applied vertical pressure following access to water. 

13.2.5 Method C-The swell pressure ow (point 3, Fig. 2 
(Method C)) shall be corrected upward by a suitable con- 
struction procedure. Soil disturbance and the process of 
adjusting vertical pressures may allow some volume expan- 
sion to occur, which reduces the maximum observed swell 
PresSUre. 

NOTE ILSuitable Correction procedures include those based on the 
preconsolidation pressure U, A construction procedure for soils that 
break onto a 'virgin compression" curve when the recompression curve 
is not apparent is as follows: (a) locate the point of maximum m t u e  
(point 5, Fig. 2 (Method a), (b) draw horizontal, tangential, and 
biseaor lines through the point of maximum curvature, (c) draw the 
virgin part of the compression curve backward to intersea the bisector at 
the preconsolidation pressure u, or 780 kPa Fig. 2 (Method C)). The 
swell pressure is taken as the preconsolidation pressure. The slope of the 
rebound curve of these soils is usually much less than that of the 
compression cu~ye. 

NOTE 19-A modified construction procedure may be used for soils 
that break onto the recompression m e ,  Fig. 2 (Method C). The 
construction procedure is as f o h v s  (a) locate the point of maximum 
curvature (point 4, Fg 2 (Method C)), (b) draw horizontal, tangential, 
and bisector lines through the point of maximum ~ t u r c ,  (c) extend 
the recompression line through the bisector line. Intersection of the 
recompression line with the bisector line is designated the corrected 
swell pressure, u ' . ~  which is 380 kPa for the example in Fig. 2 (Method 
C). A detail of t h ~ ~  consauction is shown in Fig. 3.0'- in this case is less 
than 0,. If the recompression line is not well defined, draw a line 
parallel with the rebound m e  for void ratios greater than eo through 

\ .  

FIG. 3 Construction Detail for Method C 

the bisector line. Frequent load increments may be nefeSSary t( 
any recompression curve. 

13.2.6 Draw a suitable curve parallel with the rebou 
recompression) curve for void ratios greater than e, tl 
the corrected swell pressure dSp at the initial void E 
given by point 3, Fig. 2 (Method C), to obtain the F 
heave for any vertical pressure relative to ulSp and e, 
the range of test results. 
NOTE 2QPercent heave calculated by Method C for uvo = 1 

(2000 Ibf/ff) is as follows: 
0.828 - 0.785. 

h, 1 + e, 1.000 + 0.785 
X 100 = 2.4 - x  Ah loo=- ew-eox 100- 

13.2.7 The percent settlement (negative percent 
may be evaluated from the void ratio e, exceedix 
corrected swell, pressure, as follows: 

- x  loo=- 
h, 1 + e, 
Ah e2-eox 

NOTE 2 1 -Figure 2 (Method C) illustrates the percent settlen 
follows: 

0.671 - 0.785 Ah 
- x  l o o =  
h0 1.ooO +- 0.785 

X 100s -6.4% . 

where: 
e, = 0.67 1, and 
u2 = 2560 kPa (53 OOO lbf/ff). 

14. Report 
14.1 The report shall include the information requi 

Test Method D 2435, and shall also include the follou 
14.1.1 All departures from p r d u r e s ,  including cl 

in loading sequences. 
14.1.2 The percent heave or settlement for the 

vertical pressure and swell pressure usp. or corrected 
pressure u ' ~  The compression index, C, and swell 
C, should be reported if these are evaluated. All depa 
from the described procedures for computing these pa 
ten and correction procedures used to determine p 
heave or settlement and dSp shall be described. 

14.1.3 The type of water used to inundate the speci 

15. Precision and Bias 
15.1 Precision-Data are being evaluated to dete 

the precision of this test method. In addition, S u b m i  



.- . . . .. ___.__ . 

D18.05 is seeking pertinent data from users of the test 
method. 

15.2 Bias-There is no accepted reference value for this 
test method, therefore, bias cannot be determined. 

16. Keywords 

swell pressure; wen index. 
16.1 Expansive soil; heave; laboratory tests; settlement; 

The American society for Testing and Materials takes no position respecting the validity of any patent rigMs Bsserted in connection 
with any item nmntioned in this standard. Users of this standard are expressly advised that detennimtion of the validity of any such 
patent rigMs, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is s u b w  to revision at any time by the responsible technicel wmminee and must be reviewed every five years and 
if noP revised, either -roved or withdrawn. Your comments are invited either tor revision of this standard or for additional Standards 
and should be addressed to ASTM Headquarters. Your mments  will receive careful consideration at 8 meeting of the rasponsiMe 
technicel mmittee, which you may attend. If you feel that your wmmnts have nor received a fait hearing you should make your 
views known Io the ASTM cornminee on Standards, 1916 Rem St., Philadelphia, PA 79103. 
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Designation: D 4643 - 87 45111 
Standard Test Method for 
Determination of Water (Moisture) Content of Soil by the 
Microwave Oven Method’ 

This standard is issued under the fixed designation D 4643; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number io parrnthcscc indicates the year of lasr reapproval. A 
supmcript epsilon (e) indicates an editorial change since the last revision or reapproval. 

This standard has been approved for use by agencies of the Depanment of Dqime. C o d 1  the DoD Index of Spec8cations and 
Standnrak for the spea>c year of issue which hat been adopted by ihe Depanment of Dqime. 

1. sco-De 
1.1 This test method outlines procedures for determining 

the water (moisture) content of soils by incrementally drying 
soil in a microwave oven. 

1.2 This test method is not intended as a replacement for 
Method D 22 16; but, rather as a supplement when more 
rapid results are required or desired to expedite other phases 
of testing. Method D2216 is to be used as the method to 
compare for accuracy checks and correction. 

1.3 When questions of accuracy between this test method 
and Method D 2216 arise, Method D 2216 shall be the 
referee method. 

1.4 This test method is applicable for most soil types. For 
some soils, such as those containing significant amounts of 
halloysite, mica, montmorillonite, gypsum or other hydrated 
materials, highly organic soils, or soils in which the pore 
water contains dissolved solids (such as salt in the case of 
marine deposits), this test method may not yield reliable 
water content values. 

1.5 The values stated in SI units are to be regarded as the 
standard. 

1.6 This standard may involve hazardous materials, oper- 
ations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the 
applicability of regulatory limitations prior to use. See 
Section 7 .  

2. Referenced Documents 
2. I ASTM Standark: 
D 653 Terminology Relating to Soil, Rock, and Contained 

Fluids2 
D 22 16 Method for Laboratory Determination of Water 

(Moisture) Content of Soil, Rock, and Soil-Aggregate 
Mixtures2 

3. Terminology 
3.1 Definitions: 

’ This M method is under the jurisdiction of ASIU Committee D18 on Soil 
and Rock and is the direct responsibility of Subcommittee D18.08 on S@ and 
Construction Conml Tesu. 

C m n t  edition approval Feb. 2, 1987. Published April 1987. 
Annual Book of ASTM Standarak, VolW.08. 

a . .  . .  ,... I ’  
i . , .  ; , .  ., 

3.1.1 All definitions are in accordance with Termino 
D 653. 

3.2 Descriptions of Terms Specific to this Standard: 
3.2.1 water (moisture) content-the ratio, expressed 

percentage, of the mass of “pore” or “free” water in a g 
mass of soil to the mass of the solid particles. 

3.2.2 microwave heating-a process by which h a  
induced within a material due to the interaction bels 
dipolar molecules of the material and an alternating, 
frequency electric field. Microwaves are electromag 
waves with 1 mm to 1 m wavelengths. 

4. Summary of Method 
4.1 A moist soil specimen is placed in a suitable conc 

and its mass is determined. It is then placed in a micro1 
oven, subjected to an interval of drying, and removed 1 
the oven and its new mas is determined. This procedu 
repeated until the mass becomes nearly constant 

4.2 The Merence between the mass of the moist ! 
h e n  and the dried specimen is used as the mass of v 
originally contained in the specimen. The water conte 
determined by dividing the mass of water by the dry ma 
soil, multiplied by 100. For a given soil and sample size 
time to achieve a constant dry mass can be noted and us 
a minimum drymg time for subsequent tests using the ! 
size specimen of the same soil. 

5. Significance and Use 
5.1 The water content of a soil is used throug 

geotechnical engineering practice both in the laboratoq 
in the field. The use of Method D 2216 for water co 
determination can be time consuming and there are I 

sions when a more expedient method is desirable. The L 
a microwave oven is one such method. 

5.2 The principal objection to the use of the micro 
oven for watercontent determination has been the I 
bility of overheating the soil, thereby yielding a water co 
higher than would be determined by Method D 22 16.7 
not eliminating this possibility, the incremental d 
procedure described in this test method will minimi 
effects. Some microwave ovens have settings at less tha 
power, which can also be used to reduce overheating. 

5.3 The behavior of a soil, when subjected to micrc 
energy, is dependent on its mineralogical compositions 
as a result no one procedure is applicable for all types o 
Therefore, the procedure recommended in this test mc 
is meant to serve as a guide when using the microwave 
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i.4 This test method is best suited for minus No. 4 sized 
tend. Larger size particles can be tested, however, care 
1st be taken because of the increased chance of particle 
.ttering. 
i.5 The use of this method may not be appropriate when 
hly accurate results are required, or the test using the data 
:xtremely sensitive to moisture variations. 
i.6 Due to the localized high temperatures that the 
c h e n  is exposed to in microwave heating, the physical 
uacteristin of the soil may be altered. Degregation of 
iividual particles may occur, along with vaporization or 
:mid  transition. It is therefore recommended that sam- 
s used in this test method not be used for other tests 
sequent to drying. 

Apparatus) 
i. 1 Microwave Oven-A household-type microwave 
:n, preferably with a vented chamber is suitable. The 
luired size and power rating of the oven is dependent on 
intended use. 
QOTE I-For routine laboratory applications, ovens with input 
ver ratings between 1 and 2 kW have proven to be adequate. 

5.2 Balances, having a precision (repeatability) of +O.O 1 g 
specimens having a mass of 200 g or less, +0.1 g for 

zimens having a mass between 200 and lo00 g, or +1 g 
specimens having a mass greater than lo00 g. 

5.3 Specimen Containers-Suitable containers made of a 
nmetallic nonabsorbant material, resistant to thermal 
)ck, and not subject to changes in mass or shape when 
ijected to repeated heating, cooling, or cleaning. Porcelain 
iporating dishes and standard borosilicate glass dishes 
form satisfactorily. Other containers, such as paper cups 
plates, also have been used satisfactorily; however, they 
iy require pre-drying prior to use. 
5.4 Container Handling Apparatus-A glove or holder, 
table for removing hot containers from the oven. 

Hazards 
7.1 Handle hot containers with a container holder. Some 
1 types can retain considerable heat, and serious burns 
uld result from improper handling. 
7.2 Suitable eye protection is recommended due to the 
ssibility of particle shattering during the heating, mixing, 
mass determinations: 
7.3 safety precautions supplied by the manufacturer of 
: microwave should be observed. Particular attention 
ould be paid to keeping the door sealing gasket clean and 
good working condition.- . 

NOTE 2-The use of a microwave oven for the drying of soils may be 
lsidered abusive by the manufactwen and consitute voiding of 
rranties. Microwave drying of soils containing metallic materials may 
se arcing in the oven. Highly organic soils and soils containing oils 
d coal may ignite and burn during microwave drying. Continued 
eration of the oven aAer the soil has reached constant weight may also 
ise damage or premature failure of the microwave oven. 
NOTE 3-When first introduced, microwave ovens were reported to 
ect heart pacemakers, primarily because of the opedng frequencies 
the two devices. Since that time, pacemakers have been redesigned, 
d the microwave oven is not regarded as the health hazard it once was. 
Pwever, it is advisable to post warnings that a microwave is in use. 
7.4 Highly organic soils and soils containing oil or other 

contaminates may ignite into flames during microwave 
drying. Means for smothering flames to prevent operator 
injury or oven damage should be available during testing. 
Fumes given off from contaminated soils or wastes may be 
toxic, and the oven should be vented accordingly. 

7.5 Due to the possibility of steam explosions, or thermal 
stress shattering porous or brittle aggregates, a covering over 
the sample container may be appropriate to prevent operator 
injury or oven damage. A cover of heavy paper toweling has 
been found satisfactory for this purpose. This also prevents 
scattering of the test sample in the oven during the drylng 
cycle. 

7.6 Do not use metallic containers in a microwave oven 
because arcing and oven damage may result. 

7.7 Observe manufacturer’s operating instructions when 
installing and using the oven. 

8. Samples 
8.1 Keep the samples that are stored prior to testing in 

noncOrrOdible airtight containers at a temperature between 
approximately 3 and 30°C in an area that prevents direct 
exposure to sunlight. 

8.2 The water content determination should be performed 
as soon as practical after sampling, especially if potentially 
corrodible containers (such as steel thin-walled tubes, paint 
cans, and the like) or unsealed sample bags are used. 

‘ 

9. Test Specimen 
9.1 For water contents being determined in conjunction 

with another ASTM method, the method of specimen 
selection specified in that method controls. 

9.2 The manner in which the test specimen is selected and 
its required mass is basidly dependent on the purpose 
(application) of the test, type of material being tested, and the 
type of sample (specimen from another test, bag, tube, 
split-banel, and the like). In all cases, however, a representa- 
tive portion of the total sample shall be selected. If a thinly 
layered soil or more than one soil type is encountered, select 
an average portion or individual portions, or both, and note 
which portion@) was tested in the report of the results. 

9.2.1 For bulk samples, select the test specimen from the 
material after it has been mixed thoroughly. The mass of 
moist material selected shall be in accordance with Table 1. 

9.2.2 For small (jar) samples, select a representative por- 
tion in accorditIlce with the following procedure: 

9.2.2.1 For cohesionless soils, mix thoroughly the mate- 
rial, then select a test specimen having a mass of moist 
material in accordance with Table 1. 

9.2.2.2 For cohesive soils, remove about 3 mm of material 
from the exposed periphery of the sample and slice the 
remaining specimen in half (to check if the material is 
layered), prior to selecting the test specimen. If the soil is 
layered, see 9.2. The mass of moist material selected should 
be in accordance with Table 1, if coarse-grained particles are 

TABLE 1 Test Specimen Masses 
~ ~~~ 

sieve Retaming Not More Than R a m e n d e d  Mass of 
AboUtlO%ofsample Moist Specimen. g 

2.0 mm (No. 10) 100 to 200 
4.75 mm (No. 4) 300to500 
19 mrn (3% in.) 1 , ;.! .J .  soot0 loo0 
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noted. Breaking or cutting of cohesive samples to approxi- 
mately 6-mm (11'4-in.) particles will speed drymg and prevent 
crusting or the overheating of the suface while drying the 
interior. 

9.3 Using a test specimen smaller than the minimum 
mass indicated previously requires discretion, though it may 
be adequate for the purpose of the test. A Specimen having a 
mass less than the previously indicated value shall be noted 
in the report of the results. 

NOTE +In many cases, when working with a small sample an- 
raining a relatively large coane-grained particle, it is appropriate not to 
include &,panicle in the test Specimen. If this occurs, it should be 
noted in the report of the results. 

9.4 When results of a water (moisture) content determina- 
tion by the use of this test method are to be compared to the 
results of another method, such as Method D 22 16, a second 
sample should be obtained during the selection of the sample 
for this test method. Precautions should be taken to obtain a 
sample of the same water (moisture) content. The compar- 
ison sample should be processed as quickly as possible to 
avoid unrecorded m o m  losses. 

10. Conditioning 
10.1 Repare and process the Specimens as quickly as 

possible to minimize unrecorded moisture loss that will 
result in erroneous water content determinations. 

10.2 Cut or break up the soil into smaU Size aggregations 
to aid in obtaining more uniform drying of the specimen. 

10.3 If the specimens are not to be tested immediately, 
place in containers that can closed to prevent loss of 
moisture prior to the initial weighing 

11. Procedure 
1 1.1 Determine the mass of a clean, dry container or dish, 

and record. 
11.2 Place the soil specimen in the container, and imme- 

diately determine and record the mass. 
1 1.3 Place the soil and container in a microwave oven and 

turn the oven on for 3 min. If experience with a particular 
soil type and specimen size indicates shorter or longer initial 
drying times can be used without overheating, the initial and 
subsequent drying times may be adjusted. 
NOTE 5-The 3-min initial setting is for a minimum sample m a s  of 

100 g, as indicated in Table 1. Smaller samples are not recommended 
when using the microwave oven because drying may be too rapid for 
proper control. When very large samples am needed to reprrsent soil 
containing large gravel padcles, the sample may need to be split into 
segments and dried separately to obtain the dry mass of the total sample. 
NOTE &Most ovens have a variable power setting For the majority 

of soils tested, a Setting of 'high" should be satisfactow, however, for 
some soils such a setting may be too severe. The proper setting can be 
determined only through the use of and experience with a particular 
oven for various soil types and sample Sizes. The energy output of 
microwave ovens may decrease with age and usage; therefore, power 
settings and drying times should be established for each oven. 

11.4 After the set time has elapsed, remove the container 
and soil from the oven and cool to allow handling and to 
prevent damage to the balance. Determine and record the 
mass. 

11.5 With a small spatula or M e  carefully mix the soil, 
taking special precaution not to lose any soil. 

c - I  

1 1.6 Return the container and soil to the oven and 
in the oven for 1 min. 

1 1.7 Repeat 1 1.4 through 1 1.6, until the change b 
two consecutive mass determinations would have an 
nificant affect on the calculated moisture content. A 
of 0.1 % or less of the initial wet mass of the soil sho 
amptable for most specimens. 

11.8 Use the final mass determination in calculati 
water content. Obtain this value immediately after ren 
the container and soil from the oven and cooling. 

1 1.9 When routine testing of similar soils is conteml 
the drying times and number of cycles may be standa 
for each oven. When standardized drying times and 
are utilized, periodic verification to assure that the res 
WE: Gnd dry mass cieterminauon are equivaient 1 
procedure in 11.7 should be performed. 
NOTE 7-1ncremental heating, together with &ng, will m 

overheating and localized drying of the soil, thereby yielding 
more consistent with results obtained by Method D 2216. The 
mended time increments have been suitable for most specimens 
particles smaller than a No. 4 sieve and with a mass of approx 
200 g however, they may not be appropriate for all soils and ove 
adjustment may be necessary. 
NOTE 8-Water content specimens should be discarded after 

and not used in any other tests due to particle breakdown, ci 
changes or losrcs, melting, or losses of organic constituencies. 

a,- - 

12. calculations 
12.1 Calculate the water content of the soil as folloi 

w = [(mass of water)/(mass of ovendried soil)] x 100 
w = [(MI - MZ)/(MZ - Me)] X 100 = MJM,  X 100 

where: 
w = water content, %, 
M ,  = mass of container and moist specimen, g, 
M, = mass of container and ovendried specimen, g, 
M, = mass of container, g, 
M ,  = mass of water, g, and 
M, = massofsolidparticles,g, 

13. Report 
13.1 The report (data sheet) shall include the folloa 
13.1.1 Identification of the sample (material) being t 

by boring number, sample number, test n k k ,  an 
like. 

13.1.2 Water content of the specimen to the nearest 1 

1 %, depending on the purpose of the test. 
13.1.3 Indicate if test specimen has a mass less tha 

minimum indicated in Table 1. 
13.1.4 Indicate if test specimen contains more tha~ 

soil type (layered, and the like). 
13.1.5 Indication of any material (size and am 

excluded from the test specimen. 
13.1.6 Time and setting of initial drying period 

subsequent incremental drying periods. 
13.1.7 Initial mass of test specimen prior to drying 

the mass after the incremental drylng periods. 
13.1.8 Identification of comparison test(s) if perf01 

and the method of test utilized. 
13.1.9 Identification of the microwave oven an( 

drying settings and cycles used, when standardid dry 
Utilized. 
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JOTE 9-Water (moisture) content determinations conducted in 
xdame Method D 2216 or o*er me*& may be recodeti on 

venient when the results of the two methods are to be compared. 

14.2 Preliminary studies to determine bias indicate the . 
mean difference between the absolute vaiue of water content, 

oven and convection oven is 0.24 9% for micaceous soils 
(having 5 to 25 9% mica particles by mass) and 0.61 9% for 
other soils. The standard deviation of the absolute value of 
the difference between the water content, expressed as a 
percentage, by the microwave oven and convection oven is 
0.2 !% for the micaceous soils and 0.3 9% for other soils. 

Same =port. This is a  to^ quirernen& but may be expressed a percentage, when by the microwave 

Precision and Bias 
4.1 Limited data is being evaluated to determine the 
cision of this test method. The subcommittee is seeking 
tinent data from users of the test method. 

The American Society tor Testing and Materials takes no position respecting the validity of any perem rights asserted in connection . 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, am entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
H not revised, e i t M  m@qxwed or withdrawn. Your comments am invited either for revision of this standard or for additional standards 
and should k, a d d w e d  to ASTM Hesdqwters. Your commems will receive careful consideration at a meeting of the responsible 
technical comminee. which you may mend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, 1916 Race Sr., Philadelphia, PA 19103. 
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qb Designation: D 4767 - 88” 

Standard Test Method for 
Consolidated-Undrained Triaxial Compression Test on 
Cohesive Soils‘ 

This standard is isUcd under the fixed designation D 4767; h e  number immediately following the designation indicates the year of 
original adoption or, in the case of d o n ,  the year of bn revision. A number in parcnthcses indicates the year of last reapproval. A 
supmcript cpsilon (6 )  indicates an editorial change sin= the bn -on or reapproval. 

‘I NoTE--Section 13 w a ~  added editorially January 1991.  

1. !kcgc 
1.1 This test method covers the determination of strength 

and stress-strain relationships for a cylindrical specimen of 
either an undisturbed or remolded saturated cohesive soil 
when it is isotropically consolidated and sheared undrained 
in compression at a constant rate of axial deformation (strain 
controlled). 
1.2 The test method provides for the calculation of total 

and effective stresses on, and axial compression of the test 
specimen by measurement of axial load, axial deformation, 
and pore-water pressure. 
1.3 The test provides data useful in determining strength 

and deformation properties of cohesive soils such as Mohr 
strength envelopes and Young’s modulus. Generally, three 
specimens are tested at different effective consolidation 
stresses to define a strength envelope. 
1.4 The determination of strength envelopes and the 

development of relationships to aid in interpreting and 
evaluating test results are left to the engineer or office 
requesting the test. 
1.5 The values stated in either SI or non-SI units shall be 

regarded separately as standard. The values in each system 
may not be exact equivalents, therefore, each system must be 
used independently of the other, without combining values 

This standard may involve hazardous materials, 
operations. and equipment. This standard does not purport to 
address all of the safay problems associated with its use. It is 
the responsibility of the user of this standard to establish 
appropriate saf iy  and health practices and determine the 
applicability of regulatory limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
D422 Method for Particle-Size Analysis of So& 
D 653 Terminology Relating to Soil, Rock, and Contained 

D 854 Test Method for Specific Gravity of So& 
D 1587 Practice for Thin-Walled Tube Sampling of Soik? 
D2166 Test Method for Unconfined Compressive 

in any way. 
1.6 

Fluid9 

Strength of Cohesive Soil’ 

I This test method is under the juridiction of ASIN Committee D - I  8 on Soil 
and Rock and is the direct Rsponsibility of Subcommittee DI 8.05 on Srmaural 
Propltia of soi  

*- Current edition approved May 3, 1988. Published July 1988. 
-z A M d  Book of ASTM Sundnrdr, V O ~  04.08. 

D 22 ! 6 Methnrl fer Lahmtery mterEina!ien 
Content of Soil, Rock, and Soil-Aggregate M h  

D2435 Test Method for One-Dimensional Cons 
Properties of soils’ 

D2487 Test Method for Classification of Soils 
neering purp0ses2 

D2850 Test Method for Unconsolidated, U 
Compressive Strength of Cohesive Soils in 
compression’ 

D4220 Practices for Preserving and Transpol 
Samples2 

D4318 Test Method for Liquid Limit, Plastic L 
Plasticity Index of Soils’ 

3. Tefminology 
3.1 Definitions-The definitions of terms used i 

method shall be in accordance with Terminology 1 
3.2 Description of Terms Specific to this Standa 
3.2.1 back pressure-a pressure applied to the 

pore-water to cause air in the pore space to pass intc 
in the pore-water, that is, to saturate the specimen 
3.2.2 dective consolidation stress-the diffei 

tween the cell pressure and the pore-water pressur 
shearing the specimen. 
3.2.3 failure-the stress condition at failure j 

specimen. Failure is often taken to correspon 
maximum principal stress difference (maximum 
stress) attained or the principal stress difference 
stress) at 15 % axial strain, whichever is obtained fi 
the performance of a test. Depending on soil beh 
field application, other suitable failure criteria 
defined, such as maximum effective stress obliquit 
or the principal stress difference (deviator stress) at 
axial strain other than 15 %. 

4. S i i c a n c e  and Use 
4.1 The shear strength of a saturated soil i 

compression depends on the stresses applied, time 
idation, strain rate, and the stress history experieni 
soil. 
4.2 The s t r e n a  in this test is measured under 

conditions and is applicable to field conditions v 
that have been fully consolidated under one set of I 
subjected to a change in stress without time f 
consolidation to take place (undrained condition 
field stress conditions are similar to those in the tc 
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TTE ]-If the strength is required for the case where the soil is not 
)tidated during testing prior to shear, refer to Test Method D 2850 
st Method D 2166. 

3 Using the pore-water pressure measured during the 
the shear strength determined from this test can be 

essed in terms of effective stress. This shear strength may 
pplied to field conditions where full drainage can occur 
med conditions) or where pore pressures induced by 
ing can be estimated, and the field stress conditions are 
lar to those in the test. 
1 The shear strength determined from the test expressed 
rms of total stresses (undrained conditions) or effective 
ses (drained conditions) is commonly used in embank- 
t stability analyses, earth pressure calculations, and 
dation design. 

LPparatUs 
1 A schematic diagram of a triaxial compression appa- 
; suitable for the performance of consolidated-undrained 
is shown in Fig. 1. The requirements for equipment 

led to perform satisfactory tests are given in the following 

2 Axial Loading Device-The axial compression device 
be a screw jack driven by an electric motor through a 
xi transmission, a hydraulic or pneumatic loading de- 

or any other compression device with sdlicient ca- 
ty and control to provide the rate of axial strain (loading) 
ribed in 8.4.2. The rate of advance of the loading device 
dd not deviate by more than +1 % from the selected 
e. Vibration due to the operation of the loading device 
be sufficiently small to not cause dimensional changes 

le specimen or to produce changes in pore-water pressure 
n the drainage valves are closed. 
YTE 2-A loading device may be judged to produce sufficiently 
vibrations if there are no visible ripples in a glass of water placed 

le loading platform when the device i s  opexating. 

3 Axial Load-Measuring Device-The axial load-mea- 
ig device may be a load ring, electronic load cell, 
aulic load cell, or any other load-measuring device 
ible of the accuracy prescribed in this paragraph and may 
i part of the axial loading device. The axial load- 

Om. 
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. 1 Schematic Digram of a Typical Consolidated Undrained 
Triaxial Apparatus 
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measuring device shall be capable of measuring the axial 
load to an accuracy of within +1 % of the axial load at 
failure. If the load-measuring device is located inside the 
triaxial compression chamber, it shall be insensitive to 
horizontal forces and to the magnitude of the chamber 
pressure. 

5.4 Triaxial Compression Chamber-The triaxial cham- 
ber must be able to withstand a chamber pressure equal to 
the sum of the effective consolidation stress and the back 
pressure. It shall consist of a top plate and a baseplate 
separated by a cylinder. The cylinder may be constructed of 
any material capable of withstanding the applied pressures. It 
is desirable to use a transparent material or have a cylinder 
provided with viewing ports so the behavior of the specimen 
may be observed. The top plate shall have a vent valve such 
that air can be for@ out of the chamber as it is filled. The 
baseplate shall have an inlet through which the pressure 
liquid is supplied to the chamber, and inlets leading to the 
specimen base and provide for connection to the cap to allow 
saturation and drainage of the specimen when required. 

5.5 Axial Load Piston-The piston passing through the 
top of the chamber and its seal must be designed so the 
variation in axial load due to friction does not exceed 0.1 % 
of the axial load at failure and so there is negligible lateral 
bending of the piston during loading. 
NOTE 3-The use of two linear ball bushings to guide the piston is 

recommended to minimize fiction and maintain alignment. 
NOTE 4-A minimum piston diameter of '/6 the specimen diameter 

has been used successfully in many laboratories to minimize lated 
bending. , 

5.6 Pressure- and Vacuum-Control Devices-The cham- 
ber pressure and back pressure control devices shall be capa- 
ble of applying and controlling pressures to within k0.25 psi 
(2 P a )  for effective consolidation pressures less than 28 psi 
(200 P a )  and to within +1 % for effective consolidation 
pressures greater than 28 psi (200 Pa) .  The vacuum control 
device shall be capable of applying and controlling partial 
vacuums to within k0.25 psi (2 P a ) .  The devices may 
consist of selfcompensating mercury pots, pneumatic pres- 
sure regulators, combination pneumatic pressure and vac- 
uum regulators, or any other device capable of applying and 
controlling pressures or partial vacuums to the required tol- 
erances. 

5.7 Pressure- and Vacuum-Measurement Devices-The 
chamber pressure, back pressure, and vacuum measuring 
devices shall be capable of measuring pressures or partial 
vacuums to the tolerances given in 5.6. They may consist of 
Bourdon gages, pressure manometers, electronic pressure 
transducers, or any other device capable of measuring 
pressures, or partial vacuums to the stated tolerances. If 
separate devices are used to measure the chamber pressure 
and back pressure, the devices must be calibrated simulta- 
neously and against the same pressure source. Since the 
chamber and back pressure are the pressures taken at the 
midheight of the specimen, it may be necessary to adjust the 
calibration of the devices to reflect the hydraulic head of 
fluids in the chamber and back pressure control systems (Fig. 
1 ). 

5.8 Pore- Wafer Pressure Measurement Device-The spec- 
imen pore-water pressure shall also be measured to the 
tolerances given in 5.6. During undrained shear, the PO=- 

2 %  * . 
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water pressure shall be measured in such a manner that as 
little water as possible is allowed to go into or out of the 
specimen. To achieve this requirement, a very stiff electronic 
pressure transducer or null-indicating device must be used. 
With an electronic pressure transducer the pore-water pres- 
sure is read directly. With a null-indicating device a pressure 
control is continuously adjusted to maintain a constant level 
of the water/mercury interface in the capillary bore of the 
device. The pressure required to prevent movement of the 
water is equal to the pore-water pressure. Both measuring 
devices shall have a rigidity of all the assembled parts of the 
pore-water pressure measurement system relative to the total 
volume of the specimen, satisfjmg the following require- 
ment: 
0 c 2.2 x ia?flb (3.2 x loa mZ/kM (1) 

LSU 

where: 
A V  = change in volume of the pore-water measurement 

system due to a pore pressure change, in.’ (mm’), 
V = the total volume of the specimen, in.’ (mm’), and 
Au = the change in pore pressure, psi (Pa). 

NOTE 5-To meet the rigidity requirement, tubing between the 
specimen and the measuring device should be short and thick walled 
with small bores. Thermoplastic, copper, and stainless steel tubing have 
been used successfully in many laboratories. 

5.9 Volume Change Measurement Device-The volume 
of water entering or leaving the specimen shall be measured 
with an accuracy of within kO.05 % of the total volume of 
the specimen. The volume measuring device is usually a 
burette but may be any other device meeting the accuracy 
requirement. The device must be able to withstand the 
maximum chamber pressure. , 

5.10 Deformation Indicator-The vertical deformation of 
the specimen is usually determined from the travel of the 
piston acting on the top of the specimen. The piston travel 
shall be measured with an accuracy of at least k0.02 % of the 
initial Specimen height. The deformation indicator shall have 
a travel range of at least 20 % of the initial height of the 
specimen and may be a dial indicator, linear variable 
differential transformer (LVDT), extensiometer, or other 
measuring device meeting the requirements for accuracy and 
range. 

5.1 1 Specimen Cap and Base-The specimen cap and 
base shall be designed to provide drainage from both ends of 
the specimen. They shall be constructed of a rigid, 
noncorrosive, impermeable material, and each shall, except 
for the drainage provision, have a circular plane surface of 
contact with the porous discs and a circular cross section. 
The weight of the specimen cap and top porous disc shall be 
less than 0.5 96 of the applied axial load at failure or less than 
0.1 lb (50 g). The diameter of the cap and base shall be equal 
to the initial diameter of the specimen. The specimen base 
shall be co~ecteed to the triaxial compression chamber to 
prevent lateral motion or tilting, and the specimen cap shall  
be designed such that eccentricity of the piston-tocap 
contact relative to the vertical axis of the specimen does not 
exceed 0.05 in. (1.3 mm). The end of the piston and 
Specimen cap contact area shall be designed so that tilting of 
the specimen cap during the test is minimal. The cylindrical 
surface of the specimen base and cap that contacts the 

membrane to form a seal shall be smooth and 
scratches. 

5.12 Porous Discs-The specimen shall be sepmti 
the specimen cap and base by rigid porous disc 
diameter equal to that of the specimen. The coeffi 
permeability of the discs shall be approximately qua 
of h e  sand (4 x lo-’ in& (1 x lo4 cm/s)). The di: 
be regularly checked to determine whether they have 
clogged. 
NOTE 6-Filter-paper discs of a diameter equal to thi 

specimen may be placed between the porous discs and spe 
avoid clogging of the porous discs when accurate moduli valu 
required. 

5.1 3 Filter-Paper Strips and Discs-Filter-paper s 
used by many laboratories to decrease the time reql 
testing. if iiiter strips ana discs are d, ihey s’& 
type that does not dissolve in water. The coefi 
permeability of the filter paper shall not be less than 
in./s (1 x 10-~ cm/s) for a normal pressure of 80 
Pa) .  To avoid hoop tension, filter strips should 
more than 50 % of the specimen periphery. Filter4 
similar to that shown in Fig. 2 have been successfull: 
many laboratories. An equation for comcting the 
stress difference (deviator stress) for the effect of the 
of vertical filter strips is given in 10.6. 

NOTE 7-Whatman’s No. 54 Titer Paper has been found 1 
permeability and durability requirements. 

5.14 Rubber Membrane-The rubber membran 
en- the specimen shall provide reliable protectic 
leakage. To check a membrane for leakage, the n 
shall be placed around a cylindrical form, sealed at 1 
with rubber O-rings, subjected to a small air p m  
inside, and immersed in water. If air bubbles apI 
any point on the membrane it shall be rejected. 
minimum restraint to the specimen, the unstretck 
brane diameter shall be between 90 and 95 9% oft  
specimen. The membrane thickness shall not exce 
the diameter of the specimen. The membrane shall 

POROUS 1 
STONE 

FILTER 51 
CAGE - -SPECIMEN 
BASE 

FIG. 2 Filter Strip Cage 
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to the specimen cap and base with rubber O-rings for which 
the unstressed inside diameter is between 75 and 85 7% of the 
iiameter of the cap and base, or by other means that will 
provide a positive seal. An equation for correcting the 
principal stress difference (deviator stress) for the effect of the 
stiffness of the membrane is given in 10.7. 

5.15 Valves-Changes in volume due to opening and 
closing valves may result in inaccurate volume change and 
pore-water pressure measurements. For this reason, valves in 
the specimen drainage system shall be of the type that 
produce minimum volume changes due to their operation. A 
valve may be assumed to produce minimum volume change 
if opening or closing the valve in a closed, saturated 
pore-water pressure system does not induce a pressure 
change of greater than kO.1 psi (0.7 Wa). AU valves must be 
capable of withstanding applied pressures without leakage. 

NOTE 8--Ball valves have been found to provide minimum volume- 
change characteristics; however, any other type of valve having suitable 
volume-change characteristics may be used. 

5.16 Specimen-Size Measurement Devices-Devices used 
to determine the height and diameter of the specimen shall 
measure the respective dimensions to within M.l% of the 
total dimension and shall be constructed such that their use 
will not disturb the specimen. 
NOTE 94ircumferential measuring tapes are recommended over 

calipers for measuring the diameter. 

5.17 Recorders-Specimen behavior may be recorded 
manually or by electronic digital or analog recorders. If 
electronic recorders are used, it shall be neceSSary to calibrate 
the measuring devices through the recorder using known 
input standards. 

5.18 Sample Extruder-The sample extruder shall be 
capable of extruding the soil core from the sampling tube at 
a uniform rate in the same direction of travel as the sample 
entered the tube and with minimum disturbance of the 
sample. If the soil core is not extruded vertically, care should 
be taken to avoid bending stresses on the core due to gravity. 
Conditions at the time of sample removal may dictate the 
direction of removal, but the principal concern is to mini- 
mize the degree of disturbance. 

5.19 Timer-A timing device ipdicating the elapsed 
testing time to the nearest 1 s shall be used to obtain 
consolidation data (8.3.3). 

5.20 Weighing Device-The specimen weighing device 
shall determine the mass of the specimen to an accuracy of 
within 20.05 % of the total mass of the specimen. 

5.2 1 Water Deaeration Device-The amount of dissolved 
gas (air) in the water used to saturate the specimen may be 
decreased by boiling, by heating and spraying into a vacuum, 
or by any other method that will satisfy the requirement for 
saturating the specimen within the limits imposed by the 
available maximum back pressure and time to perform the 
test. 

5.22 Testing Environment-The consolidation and shear 
portion of the test shall be performed in an environment 
where temperature fluctuations are less than 27.2"F (+4"C) 
and there is no direct contact with sunlight. 

5.23 Miscellaneous Apparatus-Specimen trimming and 
carving tools including a wire saw, steel straightedge, miter 
box, and vertical trimming lathe, apparatus for preparing 

compacted specimens, membrane and O-ring expander, 
water content cans, and data sheets shall be provided as 
required. 

6. Test Specimen Preparation 
6.1 Specimen Size-Specimens shall be cylindrical and 

have a minimum diameter of 1.3 in. (3.3 cm). The height- 
to-diameter ratio shall be between 2 and 2.5. The largest 
particle size shall be smaller than '/6 the specimen diameter. 
If, after completion of a test, it is found based on visual 
observation that oversize particles are present, indicate this 
information in the report of test data (1 1.1.22). 
NOTE IO-If oversize particles are found in the specimen after 

testing, a particle-size analysis may be performed in accordance wth 
Method D422 to confirm the visual observation and the results 
provided with the test report ( 1 1.1.4). 

6.2 Undisturbed Specimens-Prepare undisturbed speci- 
mens from large undisturbed samples or from samples 
secured in accordance with Practice D 1587 or other accept- 
able undisturbed tube sampling procedures and preserved 
and transported in accordance with the practices for Group 
C samples in Practices D 4220. Specimens obtained by tube 
sampling may be tested without trimming except for cutting 
the end surfaces plane and perpendicular to the longitudinal 
axis of the specimen, provided soil characteristics are such 
that no significant disturbance results from sampling. 
Handle specimens carefully to minimize disturbance. 
changes in cross section, or change in water content. If 
compression or any type of noticeable disturbance would be 
caused by the extrusion device, split the sample tube 
lengthwise or cut the tube in suitable sections to facilitate 
removal of the specimen with minimum disturbance. Pre- 
pare trimmed specimens, in an environment such as a 
controlled high-humidity room where soil water content 
change is minimized. Where removal of pebbles or mum- 
bling resulting from trimming causes voids on the surface of 
the specimen, carefully fdl the voids with remolded soil 
obtained from the trimmings. Where the sample condition 
permits a vertical trimming lathe that will accommodate the 
total sample may be used as an aid in preparing the specimen 
to the required diameter. After obtaining the desired diam- 
eter, place the specimen in a miter box and cut the specimen 
to the fmal length with a wire saw or other suitable device. 
Trim the surfaces with the steel straightedge. Perform one or 
more water content determinations on material trimmed 
from the specimen in accordance with Method D 22 16. 
Determine the mass and dimensions of the specimen using 
the devices described in 5.16 and 5.20. A minimum of three 
height measurements ( 120" apart) and at least three diameter 
measurements at the quarter points of the height shall be 
made to determine the average height and diameter of the 
specimen. 

6.3 Compacted Specimens-Compacted specimens may 
be prepared by compacting material in at least six layers 
using a pressing or kneading action into a split mold of 
circular cross section having dimensions meeting the require- 
ments enumerated in 6.1. Material required for the specimen 
shall be batched by thoroughly mixing soil with sufficient 
water to produce the desired water content. After batching. 
store the material in a covered container for at least 16 h 
prior to compaction. Specimens may be compacted to the 
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desired density by either: (1 ) kneading or tamping each layer 
until the accumulative m a s  of the soil placed in the mold is 
compacted to a known volume; or (2) by adjusting the 
number of layers, the number of tamps per layer, and the 
force per tamp. The top of each layer shall be scarified prior 
to the addition of material for the next layer. The tamper 
used to compact the material shall have diameter equal to or 
less than 1/z the diameter of the mold. After a specimen is 
formed, with the ends perpendicular to the longitudinal axis, 
remove the mold and determine the mass and dimensions of 
the specimen using the devices described in 5.16 and 5.20. 
Perform one or more water content determinations on excess 
material used to prepare the specimen in accordance with 
Method D 22 16. 
N e  ! 1-1: xm,m,=:: fcr *&c =*, .+.&*, of *&e qjijhrn & 

removal from the mold to be less than the value based on the volume of 
the mold. This occurs as a result of the specimen swelling after removal 
of the lateral confinement due to the mold. 

7. MountiugSpecimen 
7.1 Preparations-Before mounting the specimen in the 

triaxial chamber, make the following preparations: 
7.1.1 If deemed necessary, check the rubber membrane 

for leaks (see 5.14). 
7.1.2 Place the membrane on the membrane expander or, 

if it is to be rolled onto the specimen, roll the membrane on 
the cap or base. 

7.1.3 Check that the porous discs and specimen drainage 
tubes are not obstructed by passing air or water through the 
appropriate lines. 

7.1.4 Attach the pressurecontrol and volume-measure- 
ment system, and a pore-pressure measurement device to the 
chamber base. 

7.2 Depending on whether the saturation portion of the 
test will be initiated with either a wet or dry drainage system, 
mount the specimen using the appropriate method, as 
follows in either 7.2.1 or 7.2.2: 

NOTE 12-It is recommended that the dry mounting method be used 
for specimens of soils that swell appreciably when in contact with water. 
If the wet mounting method is used for such soils, it will be neceSSary to 
obtain the specimen dimensions after the specimen has been mounted. 
In such cases, it wil l  be neceSSary to determine the double thickness of 
the membrane, the double thickness of the wet filter paper strips (if 
used), and the combined height of the cap, base, and porous discs 
(including the thickness of filter discs if they are used) so that the 
appropriate values may be subtraaed from the measurements 0 

7.2.1 Wet Mounting Method: 
7.2.1.1 Fill the specimen drainage lines and the pore- 

water pressure measurement device with d e e d  water. 
7.2.1.2 Saturate the porous discs by boiling them in water 

for at least 10 min and allow to cool to room temperature. 
7.2.1.3 Place a saturated porous disc on the specimen base 

and after wiping away all fiee water on the disc, place the 
Specimen on the disc. Next, place another porous disc and 
the specimen cap on top of the specimen. Check that the 
Specimen cap, specimen, and porous discs are centered on 
the specimen base. 

NOTE 13-If filter-paper discs are to be placed between the porous 
discs and specimen, they should be dipped in water prior to placement 

. 7.2.1.4 If filter-paper strips or a filter-paper cage (Fig. 2) 
are to be used, saturate the paper with water prior to placing 

it on the specimen. To avoid hoop tension, do not 
more than 50 '36 of the specimen periphery with v 
strips of filter paper. 

7.2.1.5 Proceed with Section 7.3. 
7.2.2 Dry Mounting Method: 
7.2.2.1 Dry the specimen drainage system. This n 

accomplished by allowing dry air to flow through the ! 
prior to mounting the specimen. 

7.2.2.2 Dry the porous discs in the oven overnight p 
mounting the specimen and place in a desiccator 
allowing the discs to cool to room temperature. 

7.2.2.3 Place a dry porous disc on the specimen ba 
place the specimen on the disc. Next, place a dry poroi 
and the specimen cap on the specimen. Check th 

the specimen base. 
NOTE 14-If desired, dry filter-paper discs may be placed 1 

the porous discs and specimen. 
7.2.2.4 If filter-paper strips or a filter-paper cage (I 

are to be used, the cage or strips may be held in pl; 
small pieces of tape at the top and bottom. 

7.3 Place the rubber membrane around the specimc 
seal it at the cap and base with two rubber O-rings ox 
positive seal at each end. A thin coating of silicon gre 
the vertical surfaces of the cap and base will aid in sed 
membrane. If filter-paper strips or a filter-paper ca 
used, do not apply grease to surfaces in contact wi 
filter-paper. 

7.4 Attach the top drainage line and check the alig 
of the specimen and the specimen cap. If the dry mo 
method has been used, apply a partial vacuum of aF 
mately 5 psi (35 kPa) (not to exceed the consolidation 
to the specimen through the top drainage line pr 
checking the alignment. If there is any eccentricity, 1 
the partial vacuum, realign the specimen and cap, an1 
reapply the partial vacuum. If the wet mounting methl 
been used, the alignment of the specimen and the spe 
cap may be checked and adjusted without the use of a 
vacuum. 

8. procedure 
8.1 Prior to Saturation-After assembling the t 

chamber, perform the following operations: 
8.1.1 Bring the axial load piston into contact yi 

specimen cap several times to permit proper seatin 
alignment of the piston with the cap. During this proc 
take care not to apply an axial load to the' spe 
exceeding 0.5 '36 of the estimated axial load at failure. 
the piston is brought into contact, record the reading 
deformation indicator. 

8.1.2 Fill the chamber with the chamber liquid, 
careful to avoid trapping air or leaving an air space 
chamber. 

8.2 Saturation-The objective of the saturation ph 
the test is to fill all voids in the specimen with water w 
undesirable prestressing of the specimen or allowix 
specimen to swell. Saturation is usually accomplish 
applying back pressure to the specimen pore water ta 
air into solution after either: (I) applying vacuum 
specimen and dry drainage system (lines, porous 
pore-pressure device, filter-strips or cage, and disci 

,specimen cap, 3"rn'E dc!cs, rmd qXdrne2 2rc ceztc: 
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ving desired water to saturate ttie system while main- 
ng the vacuum; or (2) saturating the drainage system by 
ng the porous discs in water and allowing water to flow 
ugh the system prior to mounting the specimen. It 
Id be noted that time is required to place air into 
ion. Accordingly, removing as much air as possible 
to applying back pressure will decrease the amount of 

hat will have to be placed into solution and will also 
'zse the back pressure required for saturation. In addi- 
air remaining in the specimen and drainage system just 
to applying back pressure will go into solution much 

: readily if deaired water is used for saturation. The use 
aired water will also decrease the time and back pressure 
red for saturation. Many procedures have been devel- 
to accomplish saturation. The following are suggested 
dures: 
.1 Starting with Initially Dry Drainage System-In- 
2 the partial vacuum acting on top of the specimen to 
iaximum available vacuum. If the effective consolida- 
itress under which the strength is to be determined is 
ian the maximum partial vacuum, apply a lower partial 
im to the chamber. The difference between the partial 
tm applied to the specimen and the chamber should 
exceed the effective consolidation stress for the test and 
d not be less than 5 psi (35 kPa) to allow for flow 
gh the sample. After approximately 2 h, allow deaired 
to percolate fiom the bytorn to the top of the 

nen under a Merential vacuum of less than 3 psi (20 
Note 15). 
1.1 There should always be a positive effective stress 
least 2 psi (13 kPa) at the bottom of the specimen 
5 this part of the procedure. When water appears in the 
e connected to the top of the specimen, close the valve 
: bottom of the specimen and fill the burette with 
d water. Next, reduce the vacuum acting on top of the 
ien through the burette to atmospheric pressure while 
aneously increasing the chamber pressure by an equal 
nt. During this process, the difference betweem the pore 
re measured at the bottom of the specimen and the 
nx pressure should not be allowed to exceed the 
1 effective consolidation pressure. When the pore 
re at the bottom of the specimen stabilizes, proceed 
ack pressuring of the specimen pore-water as described 
3. To check for equalization, close the drainage valves 
specimen and measure the pore pressure change over a 
interval. If the change is less than 1 % of the chamber 
re, the pore pressure may be assumed to be stabilized. 
: 15-For saturated clays, percolation may not be neoessary and 
UI be added simultaneously at both top and bottom. 
! Starting with Initially Saturated Drainage System- 
iUing the burette connected to the top of the specimen 
eaired water, apply a chamber pressure of 5 psi (35 
r less and open the specimen drainage valves. When 
re pressure at the bottom of the specimen stabilizes, 
mg to the method described in 8.2.1, or when the 
reading stab*, back pressuring of the specimen 

ater may be initiated. 
Applying Back Pressure-Simulmmdy increase 

amber and back pressure in steps with specimen 
:e valves opened so that deaired water fiom the 
connected to the top and bottom of the specimen 
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may flow into the specimen. To avoid undesirable pre- 
stressing of the specimen while applying back pressure, the 
pressures must be applied incrementally with adequate time 
between increments to permit equalization of pore-water 
pressure throughout the specimen. The size of each incre. 
ment might be 5 psi (35 Pa), 10 psi (70 @a), or even 20 psi 
(140 Wa), depending on the compressibility of the soil 
specimen, the magnitude of the desired effective consolida- 
tion stress, and the degree of saturation of the specimen just 
prior to the addition of the increment. The difference 
between the chamber pressure and the back pressure during 
back pressuring should not exceed 5 psi (35 e a )  unless it is 
deemed necessary to control swelling of the specimen during 
the procedure. The difference between the chamber and back 
pressure must also remain within k 5  96 when the pressures 
are raised and within k2 % when the pressures are constant. 
To check for equalization after application of a back pressure 
increment or after the full value of back pressure has been 
applied, close the specimen drainage valves and measure the 
change in pore-pressure over a 1 -min interval. If the change 
in pore pressure is less than 1 % of the difference between the 
chamber pressure and the back pressure, another back 
pressure increment may be added or a measurement may be 
taken of the pore pressure parameter B (see 8.2.4) to 
determine if saturation is completed. Specimens shall be 
considered to be saturated if the value of B is equal to or 
greater than 0.95, or i f B  remains unchanged with addition of 
back pressure increments. 

NOTE 16-Although the pore pressure parameter B is used to 
measure the degree of saturation, the B-value is also a function of soil 
stiffness. If the degree of saturation of the sample is 100 %, the B-value 
measurement will increase with derreasing so2 stiffness. Therefore. 
when testing soft soil samples, a B-value of 95 5% may indicate a degree 
of saturation less than 100 %. 

NOTE 17-The back pressure required to saturate a compacted 
specimen may be higher for the wet mounting method than for the dp 
mounting method and may be as high as 200 psi (1400 Wa). 
N m  18-Many laboratories use differential pressure regulators and 

transducers to achieve the requirements for small differences between 
c h a m k  and back pressure. 

8.2.4 Measurement of the Pore Pressure Parameter B- 
Determine the value of the pore pressure parameter B in 
accordance with 8.2.4.1 through 8.2.4.4. The pore pressure 
parameter B is defined by the following equation: 

B = A u ~ A u ~  (2) 
where: 
Au = the change in the specimen pore pressure that occurs 

as a result of a change in the chamber pressure when 
the specimen drainage valves are closed, and 

Au3 = the change in the chamber pressure. 
8.2.4.1 Close the specimen drainage valves and increase 

the chamber pressure 10 psi (70 kPa). 
8.2.4.2 After approximately 2 min, determine and record 

the maximum value of the induced pore pressure. For many 
specimens, the pore pressure may decrease after the imme- 
diate response and then increase slightly with time. If this 
occus, values of Au should be plotted with time and the 
asymptotic pore pressure used as the change in pore pressure. 
A large increase in Au with time or values of Au greater than 
Au3 indicate a leak of chamber fluid into the specimen. 
lhxeashg values of Au with time may indicate a leak in that 
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part of the pore pressure measurement system located 
outside of the chamber. 

8.2.4.3 Calculate the B-value using Eq 2. 
8.2.4.4 Reapply the same effective consolidation stress as 

existed prior to the B-value by reducing the chamber 
pressure by 10 psi (70 kPa) or by alternatively, increasing the 
back pressure by 10 psi (70 kPa). If B is continuing to 
increase with increasing back pressure, continue with back 
pressure saturation. If B is equal to or greater than 0.95 or if 
a plot of B versus back pressure indicates no further increase 
in B with increasing back prcgare, initiate consolidation. 

8.3 Consolidation-The objective of the consolidation 
phase of the test is to allow the specimen to reach equilib- 
rium in a drained state under the effective consolidation 
stress for which a strength determination is required. During 
consolidation, data is obtained for use in determining when 
consolidation is complete and for computing a rate of strain 
to be used for the shear portion of the test. The consolidation 
procedure is as follows: 

8.3.1 When the saturation phase of the test is completed, 
bring the axial load piston into contact with the specimen 
cap and record the reading on the deformation indicator. 
During this procedure, take care not to apply an axial load to 
the specimen exceeding 0.5 96 of the estimated axial load at 
failure. After recording the reading, raise the piston a small 
distance above the specimen cap and lock the piston in place. 

8.3.2 With the specimen drainage valves closed, hold the 
maximum back pressure constant and increase the chamber 
pressure until the difference W e e n  the chamber pressure 
and the back pressure equals the desired effective consolida- 
tion pressure. 
NOTE 19-In certain Circumstances, consolidation in stages may be 

desirable, especially when radial drainage is used. 

8.3.3 Obtain an initial burette reading and then open 
appropriate drainage valves so that the specimen may drain 
from both ends into the burette. At increasing intervals of 
elapsed time (0.1, 0.2,0.5, 1 ,  2,4,8, 15, and 30 min and at 1, 
2,4, and 8 h, etc.) observe and record the burette readings 
and after the 15-min reading record the accompanying 
deformation indicator readings obtained by carefully cou- 
pling the piston with the specimen cap. If burette and 
deformation indicator readings are to be plotted against the 
square root of time, the time intervals at which readings are 
taken may be adjusted to those that have easily obtained 
square roots, for example, 0.09, 0.25, 0.49, 1,  4, 9 min, etc. 
Depending on soil type, time intervals may be changed to 
convenient time intervals which allow for adequate defini- 
tion of volume change versus time. 
NOTE 20-111 cases where significant amounts of fines may be 

uashed from the specimen because of high initial hydraulic gradients, it 
k permissible to gradually increase the chamber p~ssure to the total 
desired pressure over a period of up to 10 min with the drainage valves 
open. If this is done, recording of data should begin immediately after 
the total pressure is reached. 

8.3.4 Plot the burette and deformation indicator readings 
versus either the logarithm or square root of elapsed time. 
Allow consolidation to continue for at least one log cycle of 
time or one overnight period after 100 % primary consolida- 
tion has been achieved as determined in accordance with one 
of the procedures outlined in Test Method D2435. A 
marked deviation between the slopes of the burette and 

deformation indicator curves toward the end of cons 
tion based on deformation indicator readings ind 
leakage of fluid from the chamber into the specimen an 
test should be terminated. 

8.3.5 Determine the time for 50 % primary consolid; 
tso, in accordance with one of the procedures outlin 
Test Method D 2435. 

8.4 Sheur-During shear, the chamber pressure shl 
kept constant while advancing the axial load piston C 
ward against the specimen cap using controlled axial 
as the loading criterion. Specimen drainage is not pern 
during shear. 

8.4.1 Prior to Axial Loading-Before initiating 
perform the following steps: 

8.4.1.1, By opening or closins the appropriate Y 

isolate the specimen so that during shear the spec 
pore-water pressure will be measured by the pore-pri 
measurement device and no drainage will occur. 

8.4.1.2 Place the chamber in position in the axial IC 
device. Be careful to align the axial loading device, the 
load-measuring device, and the triaxial chamber to pi 
the application of a lateral force to the piston during s 

8.4.1.3 Bring the axial load piston into contact wi 
specimen cap to permit proper seating and realignm 
the piston with the cap. Remember that during th is  
dure, care should be taken not to apply an axial load 
specimen exceeding 0.5 9% of the estimated axial 1( 
failure. If the axial load-measuring device is located c 
of the hiaxial chamber, the chamber pressure will px 
an upward force on the piston that will react against th 
loading device. In this case, start shear with the 
slightly above the specimen cap, and before the piston 
into contact with the specimen cap, either (I) measu 
record the initial piston friction and upward thrust 
piston produced by the chamber pressure and later 
the measured axial load, or (2) adjust the axial 
measuring device to compensate for the fiiction and 
The variation in the axial load-measuring device r 
should not exceed 0.1 % of the estimated failure load 
the piston is moving downward prior to contactii 
specimen cap. If the axial load-measuring device is 1 
inside the chamber, it will not be neceSSary to con 
compensate for the uplift force acting on the axial 1 
device or for piston friction. However, if an interna 
measuring device of significant flexibility is used in I 

nation with an external deformation indicator, correc 
the deformation readings may be necessary. In both 
record the initial reading on the pore-water pressur 
surement device immediately prior to when the 
contacts the specimen cap and the reading on the de 
tion indicator when the piston contacts the specimen 

8.4.2 Axial Loading-Apply axial load to the sp 
using a rate of axial strain that will produce apprc 
equalization of pore pressures throughout the speci 
failure. Assuming failure will occur after 4 %, a suital 
of strain may be obtained by dividing 4 9% by ten tix 
value of rso (obtained in 8.3.5). This rate of stra 
provide for determination of accurate effective stress I 
the range necessary to define effective strength envelc 
however, it is estimated that failure will occur at i 
value lower than 4 %, it will be neceSSary to obtain a ! 
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test and as failure is approached. Continue the loading to 
15 96 strain, except loading may be stopped when the 
principal stress difference (deviator stress) has dropped 20 % 
or when 5 % additiod axial Strain occurs after a peak in 
principal stress Merence (deviator stress). 

NOTE 2 1 -The use of a manually adjusted null-indicating device will 
require nearly continuous attention to ensure the criterion for undrained 
l a .  

. RemovingSpecimen 
9.1 When shear is completed, perform the following steps: 
9.1.1 Remove the axial load and reduce the chamber and 

lack pressures to zero. 
9.1.2 With the specimen drainage valves remaining 

losed, quickly remove the specimen from the apparatus so 
hat the specimen will not have time to absorb water from 
he porous discs. 
9.1.3 Remove the rubber membrane (and the filter-paper 

trips or cage from the specimen if they were used) and 
letermine the water content of the total specimen in 
.ccordance with the procedure outlined in Method D 2216, 
Free water remaining on the specimen after removal of the 
nembrane should be blotted away before obtaining the 
vater content.) In cases where there is insuffcient material 
rom trimmings for index property tests, that is, where 
pecimens have the same diameter as the sampling tube, the 
pecimen should be weighed prior to removing material for 
ndex property tests and a representative portion of the 
pecimen used to determine its final water content. Prior to 
,lacing the specimen (or portion thereof) in the oven to dry, 
#ketch a picture or take a photograph of the specimen 
#how& the mode of failure (shear plane, bulging, etc.). 

10. Calculations 
10.1 Initial Specimen Properties-Using the dry mass of 

he total specimen, calculate and record on the appropriate 
iata sheet the initial water content, volume of solids, initial 
roid ratio, initial degree of saturation, and initial dry unit 
ueigbt. Calculate the specimen volume h m  values mea- 
iured in 6.2 or 6.3. Calculate the volume of solids by dividing 
he dry mass of the specimen by the specific gravity of the 
,olids (Note 22) and dividing by the density of water. 
llculate the void ratio by dividing the volume of voids by 
he volume of solids where the volume of voids is assumed to 
x the difference between the specimen volume and the 
lrolume of the solids. Calculate dry density by dividing the 
iry mass of the specimen by the specimen volume. 

N m  22-The specific gravity of solids can be de-termined in 
iccordance with Test Method D854 or it may be assumed based on 
JreviOUS test results. 

10.2 Specimen Properties Afier Consolidation-Calculate 
Ae specimen height and area after consolidation as follows: 

10.2.1 Height of specimen after consolidation, H, is 
determined from the following equation: 

H, = H, - AH, (3) 
where: 
H, 
AH, = change in height of specimen at end of consolida- 

10.2.2 The cross-sectional area of the specimen after 
consolidation, A, shall be computed using one of the 
following methods (assuming consistent units are used). The 
choice of the method to be used depends on whether shear 
data are to be computed as the test is performed (in which 
case Method A would be used) or on which of the two 
methods in the opinion of a qualified person yield specimen 
conditions considered to be most representative of those 
after consolidation. 

= initial height of specimen, in. (mm), and 

tion, in. (mm). 

10.2.2.1 Method A: 
A, =C (V, - AV, - AVc)/Hc (4) 

where: 
V,, = initial volume of specimen, in3  (mm3), 
AV, = change in volume of specimen during consolida- 

tion as indicated by burette readings, in.3 (mm3), 
and 

AV, = change in volume of specimen during saturation, 
in3  (mm3), as follows: 

AV, = 3V0 aH, /H,  
where: 
AHs = change in height of the specimen during saturation, 

in. (mm). 
10.2.2.2 Method B: 

A, 7 ( Vq+ VJlH, ( 5 )  
where: 
Vw/ = final volume of water (based on final water content), 

V, = volume of solids, in.3 (mm3), as follows: 

where: 
w, = specimen dry mass, lb (kg), 
G, = specific gravity of solids, and 
pw = density of water, lb/in.’ (kg/mm3). 

10.2.3 Using the calculated dimensions of the specimen 
after consolidation, and assuming that the water content 
after consolidation is the same as the final water content, 
calculate the consolidated void ratio and degree of satura- 
tion. 
N m  23-If the specimen absorbs water from the porous discs 

during the time it is being removed from the apparatus, the calculated 
degree of saturation based on the final water content will exceed 100 ?& . 

NOTE 24-In this test method, the equations are mitten such that 
compression and consolidation are considered positive. 

10.3 Shear Data: 
10.3.1 Calculate the axial strain, e l ,  for a given applied 

axial load as follows: 
c1 = AH/H, (6)  

where: 
AH = change in height of specimen during loading as read 

from deformation indicator, in. (mm), and 
H, = height of specimen after consolidation, in. (mm). 

10.3.2 Calculate the cross-sectional area, A, for a given 
applied axial load as follows: 

in.3 (mm3), and 

v s  = w,/(GsPw) 
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A = AJ(1 - cL) (7) 
where: 
A, =average cross-sectional area of the specimen after 

c 1  = axial strain for the given axial load. 

N m  25-The cross-sectional area computed in this manner is based 
on the assumption that the specimen defonns as a right circular cylinder 
during shear. In cases where there is localized bulging, it may be possible 
to determine more accurate values for the area based on specimen 
dimension measurements obtained after shear. 

10.3.3 Calculate the principal stress difference (deviator 
stress), u1 - u3, for a given applied axial load as follows: 

01 - ~3 = P/A (8) 
where: 
P = given applied axial load (corrected for uplift and piston 

friction if required as obtained in 8.4.1 .3), lb (kN), and 
A = corresponding cross-sectional area, in.2 (mm’). 

10.3.4 Calculate the effective minor principal stress, u ’ ~  
for a given applied axial load as follows: 

(9 )  
where: 
u3 = effective consolidation stress, psi (kPa), and 
Au = induced pore-water pressure at the given axial load 

(total pore-water pressure minus the total back pres 
sure), psi (Wa). 

10.4 Principal Stress Diferenee (Deviator Stress) and 
Induced Pore- Water Pressure versus Strain Curves-Prepare 
graphs showing relationships between principal stress differ- 
ence (deviator stress) and induced pore-water pressure with 
axial strain, plotting deviator stress and induced pore-water 
pressure as ordinates and axial strain as abscissa. Select the 
principal stress difference (deviator stress) and axial strain at 
failure in accordance with a debition in 3.2.3. 

10.5 p’ - q Diagram--Prepare a graph showing the 
relationship between p’, (u ’ ]  + d3)/2 and q, (u l  - u3)/2, 
plotting q as ordinate and p’ as abscissa using the same scale. 
The value of p’ for a given axial load may be computed as 
follows: 

p’ = ((u1 - u3) + 2 d 3 ) / 2  (10) 
where: 
u1 - u3 = principal stress difference (deviator stress), psi 

u13 = effective minor principal stress, psi Ocpa). 
10.6 Correction for Filter-Paper Strips-For vertical filter- 

paper strips which extend over the total length of the 
specimen, apply a filter-paper strip correction to the com- 
puted values of the principal stress difference (deviator 
stress), if the error in principal stress difference (deviator 
stress) due to the strength of the filter-paper strips exceeds 
5 5%. 

10.6.1 For values of axial strain above 2%,  use the 
following equation to compute the correction: 

(1 1) 
where: 
A(u, - u3) = correction to be subtracted From the measured 

principal stress difference (deviator stress), psi 
(Pa),  

consolidation, in? (mm2), and 

d3 = u3 - AU 

(kpa), and 

N u l  - 03) = Kflfi/Ac 

=load carried by fiter-paper strips per 
length of perimeter covered by filter-p2 
lbf/in. (kN/mm), 

pfp =perimeter covered by filter-paper, in. (n 
and 

A, = cross-sectional area of specimen after con 
dation, in? (mm2). 

10.6.2 For values of axial strain of 2 95 or less, use 
following equation to compute the correction: 

where: 
tl  = axial strain (decimal form) and other terms are 

Kfp 

- UJ = 5OciK/B/jP/Ac 

same as those defined in 10.6.1. 
N w .  2 6 F ~ r  B!ty-pp?r g?~?poA!y *A IC Lx- :&E& A 

approximately 1.1 lb/in. (0.19 kN/m). 

10.7 Correction for Rubber Membrane-Use the 
lowing equation to correct the principal stress differ 
(deviator stress) for the effect of the rubber membrane i 
error in principal stress difference (deviator stress) due tc 
strength of the membrane ex& 5 95: 

where: 
A(u1 - u3) = the correction to be subtracted from the 1 

sured principal stress difference (dev 

0, = =F 4AJx = diameter (kPa)y of specimen after con 
dation, in. (mm), 

Ern = Young’s modulus for the membrane matc 
psi Wa),  

2 ,  = thickness of the membrane, in. (mm), an( 
(1  = axial strain (decimal form). 

10.7.1 The.Young’s modulus of the membrane mat 
may be determined by hanging a 0.5-in. ( 1  5-mm) circur 
ential strip of membrane Using a thin rod, placing an( 
rod through the bottom of the hanging membrane, 
measuring the force per unit strain obtained by stretchin; 
membrane. The modulus value may be computed usin1 
following equation: 

where: 
E, = Young’s modulus of the membrane material. 

F = force applied to stretch the membrane, lbf 0, 
L = unsmtched length of the membrane, in. (mm), 
AL. = change in length of the membrane due to applic; 

A, = area of the membrane = 2 t ,  W, in? (H 

where: 
t ,  = thickness of the membrane, and 
W, = width of circumferential strip (4.5 in. or 15 mm 
NOTE 27-A typical value of E,,, for latex membranes is 2C 

( 1400 @a). 
NOTE 28-The effect of the membrane on the lateral stress is u 

assumed to be negligible. 
NOTE 29-The corrections for fdter-paper strips and membran 

based on simplified assumptions concerning their behavior during 
Their actual behavior is complex and there is not a consensus on 
exact corrections. 

N u l  - 03) = (4EJmel)/Dc 

E,,, = (F/A,)/(WL) 

(Pa) ,  

of the force, F, in. (mm), and 

mm2/l 000 OOO) 
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1.8 Determine the major and minor principal stresses at 
re based on total stresses, uI and u3~reSpeCtively, and on 
tive stresses, dIfand dJf respectively, as follows: 
= effective consolidation stress, psi (Pa),  
= (uI - u3) at fidure + u3$ psi (kPa), 
= uJf - Au, psi p a ) ,  and 
= (a, - uj) at failure + dV psi Ma),  where Au is the 

.9 Mohr Stress Circles-Construct Mohr stress circles 
ilure based on total and effective stresses on an arith- 
2 plot with shear stress as ordinate and normal stress as 
ssa using the same scales. As shown in Fig. 3, the circle 
1 on total stresses is drawn with a radius of onehalfthe 
ipal stress difference (deviator stress) at failure with its 
r at a value equal to onehalf the sum of the major and 
r total principal stresses. The Mohr stress circle based 
Fdve  stresses is drawn in a similar manner except that 
nter is at a value equal to one-half the sum of the major 
ninor effective principal stresses. 

induced pore-water pressure at failure. 

I C  
TOTAL OR EFFECTlVE ST-. U O R  d 

ITAL OR EFFECTXVE MINOR PRINCIPAL STRESS (a or a;) 
'ERAGE OF TOTAL OR EFFECTIVE PRINCIPAL STRESSES 
ITAL OR EFFECTIVE MAJOR PRINCIPAL STRESS (u or 6)  
,DIUS OF THE MOHR'S CIRCLE; HALF THE P R I N C I ~ A L  
RESS DIFFERENCE 

FIG. 3 Conaruction of Mohr Stma Cirde 

Pod 
The report shall include the following 

11.1.1 Identification data and visual description of spec- 
imen, including soil classification and whether the specimen 
is undisturbed, compacted, or otherwise prepared. 

11.1.2 Values of plastic limit and liquid limit, if deter- 
mined in accordance with Test Method D 4318. 

1 1.1.3 Value of specific gravity of solids and notation if 
the value was determined in accordance with Test Method 
D 854 or assumed. 

1 1.1.4 Particle-size analysis, if determned in accofdilllce 
with Method D 422. 

1 1.1.5 Initial specimen dry unit weight, void ratio, water 
content, and percent saturation. 

1 1.1.6 Initial height and diameter of specimen. 
1 1.1.7 Method followed for specimen saturation (that is, 

dry or wet method). 
11.1.8 Total back pressure. 
11.1.9 The pore pressure ,parameter B at the end of 

saturation. 
1 1.1.10 Effective consolidation stress. 
1 1.1.1 1 Time to 50 % primary consolidation. 
1 1.1.12 Specimen dry unit weight, void ratio, water con- 

tent, and degree of saturation after consolidation. 
1 1.1.13 Specimen cross-sectional area &r consolidation 

and method used for determination. 
11.1.14 Failure criterion used. 
11.1.15 The value of the principal stress difference (de- 

viator stress) at failure and the values of the effective minor 
and major principal stresses at failure. 

11.1.16 Axial strain at fail&, percent 
11.1.17 Rate of Strain, percent/&. 
11.1.18 Principal stress difference (deviator stress) and 

induced pore-water pressure vems axial strain curves as 
describedin 10.4. 

1 1.1.19 The p' - q diagqn for the test results. 
1 1.1.20 Mohr stress circles based on total and effective 

1 1.1.2 1 Failure sketch or photograph of the specimen. 
11.1.22 Remarks and notations regarding any unusual 

conditions or other information neceSSary to properly inter- 
pret the results obtained, including any departures from the 
procedure outlined. 

streses. 

12. Recision and Bias 
12.1 The variability of soil and resultant inability to 

determine a true reference value prevent development of a 
meaniq$d statement of bias. Data are being evaluated to 
determine the precision of this test method. In addition, the 
subcommittee is seeking pertinent data from users of this test 
method. 

13. Keywords 
13.1 Back pressure situation; cohesive soils; consolidated- 

unchained-triaxial compression test; consolidated undrained 
triaxial compressive strength; effective consolidation stress; 
shear strength; strength envelope. 
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69 6 
Designation: D 5084 - 90 ab 

Standard Test Method for 
Measurement of Hydraulic Conductivity of Saturated Porous 
Materials Using a Flexible Wall Permeameter’ 

This standard is issued under the fixed designation D 5084; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last midon. A number in parentheses indicates the year of lan reapproval. A 
suprxript epsilon (e) indicates an editorial change since the last revision or reapproval. 

1. scope 
1.1 This test method covers laboratory measurement of 

the hydraulic conductivity (also referred to as coefficient of 
permeability) of water-saturated porous materials with a 
flexible wall penneameter. 

1.2 This test method may be utilized with undisturbed or 
compacted specimens that have a hydraulic conductivity less 
than or equal to 1 X m/s (1 x cm/s). 

1.3 The hydraulic conductivity of materials with hy- 
draulic conductivities greater than 1 X m/s may be 
determined by Test Method D 2434. 

1.4 The values stated in SI units are to be regarded as the 
standard, unless other units are specifically given. By tradi- 
tion in U.S. practice, hydraulic conductivity is reported in 
centimetres per second, although the common SI units for 
hydraulic conductivity are metres per second. 

1.5 This standard does not purport to address the safety 
problems associated with its use. It is the responsibility of the 
user of this standard to establish appropriate safety and 
health practices and determine the applicability of regulatory 
limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 
D 653 Terminology Relating to Soil, Rock, and Contained 

D698 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixtures Using 5.5-lb (2.49-kg) 
Rammer and 12-in. (305-mm) Drop’ 

D 1557 Test Methods for Moisture-Density Relations of 
Soils and Soil-Aggregate Mixtures Using 10-lb (4.54-kg) 
Rammer and 18411. (457-mm) Dro$ 

D 1587 Practice of Thin-Walled Tube Sampling of Soil$ 
D 21 13 Practice for Diamond Core Drilling for Site 

hvestigation2 
D 22 16 Method for Laboratory Determination of Water 

(Moisture) Content in Soil, Rock, and Soil-Aggregate 
M i x t d  

D2434 Test Method for Permeability of Granular Soils 
(Constant Head)’ 

D4220 Practices for Preserving and Transporting Soil 

Fluids’ 

Sample2 

’ This test method is under the jurisdiction of ASTM Committee D-18 on Soil 
and Rock and is the direct responsib~ty of Subcouunie D18.04 on Hydrologic 
R o p k  of Soil and ROCLS. 

h n t  edition approved June 29,1990. Published Octobcr 1990. 
=Annual Bodc of ASTM Standards, Vol04.08. 

D4753 Specification for Evaluating, Selecting and Speci- 
fying Balances and Scales for Use in Soil and Rock 
Testing 

D 4767 Test Method for Consolidated-Undrained Triaxial 
compression’ 

E 145 Specification for Gravity-Convection and Forced- 
Ventilation ovens3 

3. Terminology 
3.1 Definitions: 
3.1.1 hydraulic conductivity, k-the rate of discharge of 

water under laminar flow conditions through a unit cross- 
sectional area of a porous medium under a unit hydraulic 
gradient and standard temperature conditions (20°C). 

DlscussIoN-The term coefficient of permeability is often used 
instead of hydraulic conductivity, but hydraulic conductivity is used 
exclusively.in this test method. A more complete discussion of the 
terminology associated with Darcy’s law is given in the literature? 

3.1.2 pore volume of’ow-the cumulative quantity of flow 
into a test specimen divided by the volume of voids in the 
specimen. 

3.1.3 For definitions of other terms used in this test method, 
see Terminology D 653. 

4. Significance and Use 
4.1 This test method applies to one-dimensional, laminar 

flow of water within porous materials such as soil and rock. 
4.2 The hydraulic conductivity of porous materials gener- 

ally decreases with an increasing amount of air in the pores 
of the material. This test method applies to water-saturated 
porous materials containing virtually no air.. 

4.3 This test method applies to permeation of porous 
materials with water. Permeation with other liquids, such as 
chemical wastes, can be accomplished using procedures 
similar to those described in this test method. However, this 
test method is only intended to be used when water is the 
permeant liquid. 

4.4 It is assumed that Darcy’s law is valid and that the 
hydraulic conductivity is essentially unaffected by hydraulic 
gradient. The validity of Darcy’s law may be evaluated by 
measuring the hydraulic conductivity of the specimen at 
three hydraulic gradients; if all measured values are similar 
(within about 25 %), then Darcy’s law may be taken as valid. 
However, when the hydraulic gradient acting on a test 

Annual Book of ASTM Standards, Vol04.02. 
Olson, R. E., and Daniel, D. E, “Measunment of the Hydraulic Conductivity 

of Wne-Grained Soils,” Symposium on Pemabifity and Groundwafer CoNmC 
mi Transport. ASTM STP 746, ASTM, 1981, pp. 18-64. 

4 ,€ \.* .jl+ 2 ’  . .- ., 
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specimen is changed, the state of stress will also change, and, 
the specimen is compressible, the volume of the specimen 
dl change. Thus, some change in hydraulic conductivity 

may occur when the hydraulic gradient is altered, even in 
cases where Darcy’s law is valid. 

4.5 This test method provides a means for determining 
hydraulic conductivity at a controlled level of effective stress. 
Hydraulic conductivity varies with varying void ratio, which 
in turn changes when the effective stress changes. If the void 
ratio is changed, the hydraulic conductivity of the test 
specimen will likely change. To determine the relationship 
between hydraulic conductivity and void ratio, the hydraulic 
conductivity test would have to be repeated at Merent 
effective stresses. 

4.6 p-e cnk&-s3 kAp&.mn rcr&& &&& && ibis t a  

method and the hydraulic conductivities of in-place field 
materials has not been fully investigated. Experience has 
sometimes shown that flow patterns in small test specimens 
do not necessarily follow the same patterns on large field 
scales and that hydraulic conductivities measured on small 
test specimens are not necessarily the same as larger-scale 
values. Therefore, the results should be applied to field 
situations with caution and by qualified personnel. 

5. Apparatus 
5.1 Hydraulic System-Constant head (Method A), 

falling head (Methods B and C), or constant rate of flow 
(Method D) systems may be utilized provided they meet the 
criteria outlined as follows: 

5.1.1 Constant Head-The system must be capable of 
Jaintaining constant hydraulic pressures to within &5 96 

and shall include means to measure the hydraulic pressures 
to within the prescribed tolerance. In addition, the head loss 
across the test specimen must be held constant to within 
2 5  96 and shall be measured with the same accuracy or better. 
Pressures shall be measured by a presswe gage, electronic 
pressure transducer, or any other device of suitable accuracy. 

5.1.2 Falling Head-The system shall allow for measure- 
ment of the applied head loss, thus hydraulic gradient, to 
within 5 % or better at any time. In addition, the ratio of 
initial head loss divided by final head loss over an interval of 
time shall be measured such that this computed ratio is 
accurate to w i t h  &S %. The head loss shall be measured 
with a pressure gage, electronic pressure transducer, engi- 
neer’s scale, graduated pipette, or any other device of suitable 
accuracy. Falling head tests m a y  be performed with either a 
constant tailwater elevation (Method B) or a rising tailwakr 
elevation (Method C). 

5.1.3 Constant Rate of Flo-The system must be ca- 
pable of maintaining a constant rate of flow through the 
specimen to within 5 % or better. Flow measurement shall 
be by calibrated syringe, graduated pipette, or other device of 
suitable accuracy. The head loss across the Specimen shall be 
measured to an accuracy of 5 96 or better using an electronic 
pressure transducer or other device of suitable accuracy. 
More information on testing with a constant rate of flow is 
given in the lite~ature.~ 

’ Olson. H. w., hiorin, R H., and Nichols, R W., “Flow Pump Applications in 
frhxid Testin&” Symposium on Advanced Triaxial Testing of Soil and Rock 
ASTM S?P 977, ASlM, 1988, pp. 68-81. 

5.1.4 System De-airing-The hydraulic system shall 
designed to facilitate rapid and complete removal of free i 
bubbles from flow lines. . 

5.1.5 Back Pressure System-The hydraulic system sh; 
have the capability to apply back pressure to the specimen 
facilitate saturation. The system shall be capable of mai 
taining the applied back pressure throughout the duration 
hydraulic conductivity measurements. The back pressu 
system shall be capable of applying, controlling, and me 
suring the back pressure to 5 96 or better of the applii 
pressure. The back pressure may be provided by a COI 
pressed gas supply, a deadweight acting on a piston, or ai 
other method capable of applying and controlling the bac 
pressure to the tolerance prescribed in this paragraph. 

NOTE 1-Application of gas pressure directly to a fluid ,will dissol 
gas in the fluid. A variety of techniques are available to minim 
dissolution of gas in the back pressure fluid, including separation of 
and liquid phases with a bladder and ffequent replacement of the liqr 
with de-aired water. 

5.2 Flow Measurement System-Both inflow and outflc 
volumes shall be measured unless the lack of leakag 
continuity of flow, and cessation of consolidation or swellii 
can be verified by other means. Flow volumes shall 1 
measured by a graduated accumulator, graduated pipetl 
vertical standpipe in conjunction with an electronic pressu 
transducer, or other volume-measuring device of suitab 
accuracy. 

5.2.1 Flow Accuracy-Required accuracy for the quanti 
of flow measured over an interval of time is 5 % or better 

5.2.2 De-airing and Compliance of the System-The flo! 
measurement system shall contain a minimum of dead spa1 
and be capable of complete and rapid de-airing. Compliani 
of the system in-response to changes in pressure shall 1 
minimized by using a stiff flow measurement system. Rig 
tubing, such as metallic or rigid thermoplastic tubing, sh: 
be used. 

5.2.3 Head Losses-Head losses in the tubes, valve 
porous end pieces, and filter paper may lead to error. 1 
guard against such errors, the permeameter shall be assen 
bled with no specimen inside and then the hydraulic systei 
med. If a constant or falling head test is to be used, tl 
hydraulic pressures or heads that will be used in testing 
specimen shall be applied, and the rate of flow measurc 
with an accuracy Of 5 % or better. This rate of flow shall be 
least ten times greater than the rate of flow that is measurc 
when a specimen is placed inside the permeameter and tl 
same hydraulic pressures or heads are applied. If a consku 
rate of flow test is to be used, the rate of flow to be used I 
testing a specimen shall be supplied to the permeameter an 
the head loss measured. The head loss without a specime 
shall be less than 0.1 times the head loss when a specimen 
present. 
5.3 Permeameter Cell Pressure System-The system fc 

pressurizing the permeameter cell shall be capable of a] 
plying and controlling the cell pressure to within 5 96 of tl 
applied pressure. However, the effective stress on the te 
specimen (which is the difference between the cell pressw 
and the pore water pressure) shall be maintained to tl 
desired value with an accuracy of 10 % or better. The devic 
for pressurizing the cell may consist of a reservoir connecte 
to the permeameter cell and partially filled with de-aire 



:r, with the upper part of the reservoir connected to a 
pressed gas supply or other source of pressure (see Note 
The gas pressure shall be controlled by a pressure 
lator and measured by a pressure gage, electronic pres- 
transducer, or any other device capable of measuring to 
prescribed tolerance. A hydraulic system pressurized by 
lweight acting on a piston or any other pressure device 
ible of applying and controlling the permeameter cell 
sure to the tolerance prescribed in this paragraph may be 
1. 

D E  2-De-aired water is commonly used for the cell fluid to 
& potential for diffusion of air through the membrane into the 
men. Other fluids, such as oils, which have low gas solubilities are 
acceptable, provided they do not react with components of the 
ieameter. Also, use of a long (approximately 5 to 7 m) tube 
i d n g  the pressurized ' cell liquid to the cell helps to delay the 
arance of air in the cell fluid and to reduce the flux of dissolved air 
the cell. 

4 Penneameter Cell-An apparatus shall be provided in 
cii the specimen and porous end pieces, enclosed by a 
nbrane sealed to the cap and base, are subjected to 
trolled fluid pressures. A schematic diagram of a typical 
is shown in Fig. 1. 
.4.1 The permeameter cell may allow for observation of 
nges in height of the specimen, either by observation 
,ugh the cell wall using a cathetometer or other instru- 
it, or by monitoring of either a loading piston or an 
mometer extending through the top plate of the cell 
ring on the top cap and attached to a diai indicator or 
er measuring device. The piston or extensometer should 
P through a bushing and seal incorporated into the top 
:e and shall be loaded with sufEcient force to compensate 
the cell pressure acting over the cross-sectional area of the 
on where it passes through the seal. If deformations are 
asured, the deformation indicator shall be a dial indicator 
xthetometer graduated to 0.3 mm (0.0 1 in.) or better and 
ing an adequate travel range. Any other measuring device 
eting these requirements is acceptable. 
1.4.2 In order to facilitate gas removal, and thus satura- 
1 of the hydraulic system, four drainage lines leading to 

specimen, two each to the base and top cap, are 
ommended. The drainage lines shall be controlled by 
-volumechange valves, such as ball valves, and shall be 
igned to minimize dead space in the lines. 
i.5 Top Cap and Base-An impermeable, rigid top cap 
i base shall be used to support the specimen and provide 
transmission of permeant liquid to and from the spec- 

en. The diameter or width of the top cap and base shall be 
nl to the diameter or width of the specimen +5 %. The 
ie shall prevent leakage, lateral motion, or tilting, and the , cap shall be designed to receive the piston or extensom- 
r, if used, such that the piston-to-top cap contact area is 
acentric with the cap. The surface of the base and top cap 
it contacts the membrane to form a seal shall be smooth 
d free of scratches. 
5.6 Flexible Membranes-The flexible membrane used to 
case the specimen shall provide reliable protection against 
w e .  The membrane shall be carefully inspected prior to 
: and if any flaws or pinholes are evident, the membrane 
dl be discarded. To minimize restrain to the specimen, the 
meter or width of the unstretched membrane shall be 
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between .90 and 95 % of that of the specimen. The mem- 
brane shall be sealed to the specimen base and cap with 
rubber O-rings for which the unstressed, inside diameter or 
width is less than 90 % of the diameter or width of the base 
and cap, or by any other method that will produce an 
adequate seal. 

NOTE 3-Membranes may be tested for flaws by placing them 
around a form sealed at both ends with rubber O-rings, subjecting them 
to a small air pressure on the inside, and then dipping them into water. 
If air bubbles come up from any point on the membrane, or if any 
visible flaws are observed, the membrane shall be discarded. 

I 

5.7 Porous End Pieces-The porous end pieces shall be of 
silicon carbide, aluminum oxide, or other material that is not 
attacked by the specimen or permeant liquid. The end pieces 
shall have plane and smooth surfaces and be free of cracks, 
chips, and nonuniformities. They shall tie checked regularly 
to ensure that they are not clogged. 

5.7.1 The porous end pieces shall be the same diameter or 
width (+5 %) as the specimen, and the thickness shall be 
suflicient to prevent breaking. 

5.7.2 The hydraulic conductivity of the porous end pieces 
shall be significantly greater than that of the specimen to be 
tested. The requirements outlined in 5.2.3 ensure this. 

5.8 Filter Paper-If neCeSSary to prevent intrusion of 
material into the pores of the porous end pieces, one or more 
sheets of filter paper shall be placed between the top and 
bottom porous end pieces and the specimen. The paper shall 
have a negligibly small hydraulic impedance. The require- 
ments outlined in 5.2.3 ensure that the impedance is small. 

5.9 Equipment for Compacting a Specimen-Equipment 
(including compactor and mold) suitable for the method of 
compaction specified by the requester shall be used 
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5.10 Sample Extruder-When the material being tested is 

9 wil core, the soil core shall usually be removed from the 
.pler with an extruder. The sample extruder shall be 

capable of extruding the soil core from the sampling tube in 
the same direction of travel in which the sample entered the 
tube and with minimum disturbance of the sample. If the 
soil core is not extruded vertically, care should be taken to 
avoid bending stresses on the com due to gravity. Conditions 
at the time of sample extrusion may dictate the direction of 
removal, but the principal concern is to keep the degree of 
disturbance minimal. 

5.1 1 Trimming Equipment-Specific equipment for trim- 
ming the specimen to the desired dimensions will vary 
depending on quality and characteristics of the sample; 
however, the following items listed may be usBc1: lathe, wire 
saw witb a wire about 0.3 mm (0.01 in.) in diameter, 
spatulas, knives, steel rasp for very hard clay specimens, 
cradle or split mold for trimming specimen ends, and steel 
straight edge for final trimming of specimen ends. 

5.12 Devices for Measuring the Dimensions of the Speci- 
men-Devices used to measure the dimensions of the 
specimen shall be capable of measuring to the nearest 0.3 
mm (0.01 in.) or better and shall be constructed such that 
their use will not disturb the specimen. 

5.13 Balances-The balance shall be suitable for deter- 
mining the m a s  of the specimen and shall be selected as 
discussed in Specification D4753. The mass of specimens 
less than 100 g shall be determined to the nearest 0.01 g. The 
mass of specimens 100 g or larger shall be determined to the 
warest 0.1 g. The mass of specimens >lo00 g shall be 

3.14 Equipment for Mounting the Specimen-Equipment 
for mounting the specimen in the permeameter cell shall 
include a membrane stretcher or cylinder, and ring for 
expanding and placing O-rings on the base and top cap to 
seal the membrane. 

5.15 Vacuum Pump-To ass& with de-airing of 
permeameter system and saturation of specimens. 

5.16 Temperature Maintaining Device-The temperature 
of the penneameter, test specimen, and reservoir of perme- 
ant liquid shall not vary more than &3"C (k5.7"F). Nor- 
mally, this is accomplished by performing the test in a room 
with a relatively constant temperature. If such a room is not 
available, the apparatus shall be placed in a water bath, 
insulated chamber, or other device that maintains a temper- 
ature within the tolerance specified in 5.16. The temperature 
shall be periodically measured and recorded. 

5.17 Water Content Containers-The containers shall be 
in accordance with Method D 2216. 

5.1 8 Drying Oven-The oven shall be in accordance with 
Specification E 145. 

6. Reagents 

rmined to the nearest 1.0 g. 

6.1 Permeant Water: 
6.1.1 The permeant water is the liquid used to permeate 

the test specimen and is also the liquid used in backpressur- 
ing the specimen. 

12 The type of permeant water should be specified by ._-- requestor. If no specification is made, tap water shall be 
used for the permeant liquid. The type of water utilized shall 
be indicated in the report. 

NOTE A h e m i d  interactions between a permeant liquid and thc 
porous material may lead to variations in hydraulic conductivity. Dis 
tilled water can significantly lower the hydraulic conductivity of claye] 
soils (see the Literature)? For this m w n ,  distilled water is not usuall) 
recommended as a permeant liquid. A permeant liquid used by some i! 
0.005 N CaSO.,, which can be obtained for example, by dissolving 6.8 E 
of nonhydrated, reagent-@e CaSO, in 10 L of de-aired, distilled watex 
This CaSO, solution is thought to neither increase nor decrease 
signif~cantly the hydraulic conductivity of clayey soils. In areas with 
extremely brackish tap water, the CaSO, solution is recommended. 

6.1.3 Deaired Wafer-To aid in removing as much air 
from the test specimen as possible, deaired water shall be 
used. The water is usually d e e d  by boiling, by spraying a 
fine mist of water into an evacuated vessel attached to a 
vacuum source, or by forcell agitation of water in a 

care shall be taken not to evaporate an excessive amount of 
water, which can lead to a larger salt concentration in the 
permeant water than desired. To prevent dissolution of air 
back into the water, deaired water shall not be exposed to air 
for prolonged periods. 

7. Test Specimens 
7.1 Size-Specimens shall have a minimum diameter of 

25 mm (1.0 in.) and a minimum height of 25 mm. The 
height and diameter of the specimen shall be measured to the 
nearest 0.3 mm (0.01 in.) or better. The length and diameter 
shall vary by no more than 2 5  %. The surface of the test 
specimen may be uneven, but indentations must not be so 
deep that the length or diameter vary by more than 2 5  %. 
The diameter and height of the specimen shall each be at 
least 6 times greater than the largest particle size within the 
Specimen. If, after completion of a test, it is found based on 
visual observation that oversized particles are present, that 
information shall hi indicated on the report. 

NOTE 5-Most hydraulic conductivity tests are performed on cylin- 
drical test specimens. It is possible to utilize special equipment for 
testing prismatic test specimens, in which case reference tb "diameter" 
in 7.1 applies to the least width of the prismatic test specimen. 

7.2 Undisturbed Specimens-Undisturbed test specimens 
shall be prepared from a representative portion of undis- 
turbed samples secured in accordance with Practice D 1587 
or Practice D 21 13, and preserved and transported in accord- 
ance with requirements for Group C materials in Practice 
D 4220. Specimens obtained by tube sampling or coring may 
be tested without trimming except for cutting the end 
surfaces plane and perpendicular to the longitudinal axis of 
the specimen, provided soil characteristics are such that no 
significant disturbance results from sampling. Where the 
sampling operation has caused disturban ce of the soil, the 
disturbed material shall be trimmed. Where removal of 
pebbles or crumbling resulting from trimming causes voids 
on the surface of the specimen that cause the length or 
diameter to vary by more than k 5  96, the voids shall be filled 
with remolded material obtained from the trimmings. The 
ends of the test specimen shall be cut and not troweled 
(troweling can seal off cracks, slickensides, or other sec- 
ondary features that might conduct water flow). Specimens 
shall be trimmed, whenever possible, in an environment 
where changes in moisture content are mmumzed . A con- 
trolled high-humidity room is usually used for this purpose. 
The mass and dimensions of the test specimen shall be 

rt-nt&er zps&d ;a a vxuum s o w .  if - m h g  is used, 

. .  . 
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:termined to the tolerances given in 5.12 and 5.13. The test 
&men shall be mounted immediately in the permeam- 
.er. The water content of the trimmings shall be determined 
I accordance with Method D 2216. 
7.3 Laboratory-Compacted Specimm-The material to 

e tested shall be prepared and compacted inside a mold in a 
lanner specified by the requestor. If the specimen is placed 
nd compacted in layers, the surface of each previously- 
3mpacted layer shall be lightly scarified (roughened) with a 
)rk, ice pick, or other suitable object, unless the requester 
>ecifically states that scarification is not to be performed. 
est Methods D 698 and D 1557 describe two methods of 
Dmpaction, but any other method specified by the requestor 
lay be used as long as the method is described in the report. 
arge clods of material should not be broken down prior to 
Dmpaction unless it is known that they will be broken in 
eld construction, as well, or the requestor specifically 
quests that the clod size be reduced. Neither hard clods nor 
idividual particles of the material shall exceed 1/6 of either 
le height or diameter of the specimen. After compaction, 
ie test specimen shall be removed from the mold, the ends 
xified, and the dimensions and weight determined within 
le tolerances given in 5.12 and 5.13. After the dimensions 
nd mass are detennined, the test specimen shall be imme- 
iately mounted in the permeameter. The water content of 
he trimmings shall be determined in accordance with 
dethod D 22 16. 
7.4 Other Preparation Methods-Other methods of prep- 

ration of a test specimen are permitted if specifically 
quested. The method of specimen preparation shall be 
ientified in the report. 

7.5 After the he@, diameter, mass, and water content of 
he test specimen have been determined, the dry unit weight 
hall be calculated. Also, the initial degree of saturation shall 
t estimated (this information may be used later in the 
nckpressure stage). 

1. Procedure 
8.1 Specimen Setup: 
8.1.1 Cut two filter paper sheets to approximately the 

m e  shape as the cross section of the test specimen. Soak the 
wo porous end pieces and filter paper sheets, ifused, in a 
:ontainer of permeant water. 

8.1.2 Place the membrane on the membrane expander. 
ipply a thin coat of silicon high-vacuum grease to the sides 
)f the end caps. Place one porous end piece on the base and 
>lace one filter paper sheet, ifused, on the porous end piece, 
bllowed by the test specimen. Place the second filter paper 
iheet, if used, on top of the specimen followed by the second 
Jorous end piece and the top cap. Place the membrane 
uound the specimen, and using the membrane expander or 
)her suitable O-ring expander, place one or more O-rings to 
real the membrane to the base and one or more additional 
$rings to seal the membrane to the top cap. 

8.1.3 Attach flow tubing to the top cap, if not already 
attached, assemble the permeameter cell, and fill it with 
de-aired water or other cell fluid. Attach the cell pressure 
reservoir to the permeameter cell line and the hydraulic 
system to the influent and eflluent lines. Fill the cell pressure 
reservoir with deaired water, or other suitable liquid, and the 
hydraulic system with deaired permeant water. Apply a mall 
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FIG. 2 Back Pressure lo Attain Various Degrees of Saturation6 

confining pressure of 7 to 35 kpa (1 to 5 psi) to the cell and 
apply a pressure less than the confining pressure to both the 
influent and emuent systems, and flush permeant water 
through the flow system. After all visible air has been 
removed from the flow lines, close the control valves. At no 
time during saturation of the system and specimen or 
hydraulic conductivity measurements shall the maximum 
applied effective stress be allowed to exceed that to which the 
specimen is to be consolidated. 

8.2 Specimen Soaking (Optional)-To aid in saturation, 
specimens may be soaked under partial vacuum applied to 
the top of $he specimen. Atmospheric pressure shall be 
applied to the specimen base through the influent lines, and 
the magnitude of the vacuum set to generate a hydraulic 
gradient across the sample less than that which wil l  be used 
during hydraulic conductivity measurements. 
NOTE 6-Soaking under vacuum is applicable when there are 

continuous air voids in the specimen. Soaking under vacuum is only 
recommended for test specimens with initial degrees of saturation below 
70 I. The specimen may swell when exposed to water, the effective 
stress will tend to counteract the swelling. However, for materials that 
tend to swell, unless the applied effective stress is greater than or equal to 
the swell pressure, the specimen will swell. 

8.3 Backpressure Saturation-To saturate the specimen, 
backpressuring is usually necessary. Figure 2 provides guid- 
ance on back pressure required to attain saturation. 

NOTE 7-Figu-e 2 assumes that the water used for back pressure is 
deaired and that the only source for air to dissolve into the water is air 
from the test specimen. If air pressure is used to control the back 
pressure, pressurized air will dissolve into the water, thus reducing the 
capacity of the water used for back pressure to dissolve air located in the 
pores of the test specimen. The problem is minimized by using a long 
(>5 m) tube that is impermeable to air between the air-water interface 
and test specimen, by Separating the back-pressure water from the air by 
a material or fluid that is relatively impermeable to air, by periodically 
replacing the back-pressure water with deaired water, or by other means. 

1 

* 

Lowe, J., and Johnson, T. C.; "Use of Back Prssure to Increase Degree of 
Saturation of T r i a d  Test SpcCimcns," Proceedings, ASCE Research Confmence 
on Shear Strengzh of Cohesive Soh,  Boulder, CO, 1960. 
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8.3.1 Open the flow line valves and flush out of the system 
anv free air bubbles using the procedure outlined in 8.1.3. If 

lectronic pressure transducer or other measuring device 
b be used during the test to measure pore pressures or 
applied hydraulic gradient, it should be bled of any trapped 
air. Take and record an initial rea- of specimen height, if 
being monitored. 

8.3.2 Adjust the applied confhhg pressure to the value to 
be used during saturation of the sample. Apply backpressure 
by simultaneously increasing the cell pressure and the 
influent and effluent pressures in increments. The maximum 
value of an increment in backpressure shall be sufficiently 
low so that no point in the specimen is exposed to an 
effective stress in excess of that to which the specimen will be 
subsequently consolidated. At no time shall a head be 
api;!kd sc iht. eireaive coniining stress is (7 kPa (1 psi) 
because of the danger of separation of the membrane from 
the test specimen. Maintain each increment of pressure for a 
period of a few minutes to a few horn, depending upon the 
characteristics of the specimen. To assist in removal of 
trapped air, a small hydraulic gradient may be applied across 
the specimen to induce flow. 

8.3.3 Saturation shall be verified with one of the three 
following techniques: 

8.3.3.1 Saturation may be verified by measuring the B 
coefficient as described in Test Method D 4767 (see Note 8). 
The test specimen shall be considered to be adequately 
saturated if (I)  the B value is ~ 0 . 9 5 ,  or (2) for relatively 
incompressible materials, for example, rock, if the B value 
remains unchanged with application of larger values of back 

;ure. The B value may be measured prior to or after 
bcapletion of the consolidation phase (see 8.4). Accurate 
B-value determination can only be made if no gradient is 
acting on the specimen and all pore pressure induced by 
consolidation has dissipated. 
NOTE 8-The B coefficient is defined for this type of test as the 

change in pore water pressure in the porous material divided by the 
change in confining presure. Compressible materials that are fully 
saturated with water will have a B value of 1.0. Relatively incompress- 
ible, saturated materials have B values which are somewhat less than 1.0. 

8.3.3.2 Saturation of the test specimen may be codhued 
at the completion of the test by calculation of the final degree 
of saturation. The final degree of saturation shall be 100 -t 
5 % . However, measurement of the B coefficient as described 
in 8.3.3.1 or use of some other technique (8.3.3.3) is strongly 
recommended because it is much better to confirm satura- 
tion prior to permeation than to wait until after the test to 
determine if the test was valid. 

8.3.3.3 Other means for verifying saturation, such as 
measurement of the volume change of the specimen when 
the pore water pressure has been changed, can be used for 
verifying saturation provided data are available for similar 
materials to establish that the procedure used confirms 
saturation as required in 8.3.3.1 or 8.3.3.2. 

8.4 Consolidation-The specimen shall be consolidated to 
the effective stress specified by the requestor. Consolidation 
may be accomplished in stages, %desired. 

E 9-The test specimen may be consolidated prior to application 
G. - a C k p m .  Also, the backpressure and consolidation phases may 
be completed concurrently if backpressures are applied suf6ciently 
slowly to minimize potential for overconsolidation of the specimen. 

1. ? 

8.4.1 Record the specimen height, if being monitored, 
prior to application of consolidation pressure and periodi- 
cally during consolidation. 

8.4.2 Increase the cell pressure to the level necessiuy to 
develop the desired effective stress, and begin ansolidation. 
Drainage may be allowed from the base or top of the 
specimen, or simultaneously from both ends. 

8.4.3 (Optional) Record outflow volumes to confirm that 
primary consolidation has been completed prior to initiation 
of the hydraulic conductivity test. Alternatively, measure- 
ments of the change in height of the test specimen h n  be 
used to confirm completion of consolidation. 
NOTE 10-The procedure in 8.4.3 is optional because the require- 

ments of 8.5 ensure that the test specimen is adequately consofidated 
during permeation If 11 is E”?, iz%x7 zi2 ixiS~* voiumes \w 
differ significantly. However, for accurate &value determination, com- 
pletion of consolidation should be confirmed (see 8.3.3.1). It is 
recommended that outflow volumes or height changes be recorded as a 
means for verifying the completion of consolidation prior to initializa- 
tion of permeation. Also, measurements in the change in height of the 
test specimen, coupled with knowledge of the initial height, provide a 
means for checking the final height of the specimen. 

... 

8.5 Permeation: 
8.5.1 Hydraulic Gradient-When possible, the hydraulic 

gradient used for hydraulic conductivity measurements 
should be similar to that expected to occur in the field. In 
general, hydraulic gradients from <1 to 5 cover most field 
conditions. However, the use of small hydraulic gradients 
can lead to very long testing times for.materials having low 
hydraulic conductivity (less than ,about 1 x lod cm/s). 
Somewhat larger hydraulic gradients are usually used in the 
laboratory to accelerate testing, but excessive gradients must 
be avoided because high seepage pressures may consolidate 
the material, material may be washed from the specimen, or 
fine particles may be washed downstream and plug the 
effluent end of the test specimen. These effects could increase 
or decrease hydraulic ConduCtiVity. If no gradient is specified 
by the requestor, the following guidelines may be followed: 

Hydraulic Conductivity, Recornmaw Maximum 
Hybaulic Gradient 

2 
5 

10 
20 

I x 10-’to 1 x 10-4 
I x 1 0 4  to I x 10-5 
1 x 1O”to 1 x 10-6 
1 x loa to I x 10-7 
lmthan 1 x 10-7  30 , 

NOTE Il--seePage pressures associated with large hydraulic gradi- 
ents can consolidate so!?, compressible specimens and reduce their 
hydraulic conductivity. It may be necessary to use smaller hydraulic 
gradients ( 4 0 )  for such specimens. 

8.5.2 Initialization-Initiate permeation of the specimen 
by increasing the influent pressure (see 8.3.2). The effluent 
pressure shall not be decreased because air bubbles that were 
dissolved by the specimen water during backpressuring may 
come out of solution if the pressure ‘is decreased. The back 
pressure shall be maintained throughout the permeation 
P b .  

8.5.3 Constant Head Test (Method A)-Measure and 
record the required head loss across the test specimen to the 
tolemces stated in 5.1.1 and 5.2.3. The head loss across the 
specimen shall be kept constant +.5 %. Measure and record 
periodidy the quantity of i d o w  as well as the quantity of 
outflow. Also measure and record any changes in height Of 
the test specimen, if being monitored (see Note 11). Con- 
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tinue permeation until at leaq four values of hydraulic 
conductivity are obtained over an interval of time in which 
(I) the ratio of outflow to inflow rate is between 0.75 and 
1.25, and (2) the hydraulic conductivity is steady. The 
hydraulic conductivity shall be considered steady if four or 
more consecutive hydraulic conductivity determinations fall 
within 225 % of the mean value for k L 1 x lo-'' m/s or 
within &50 !% for k C 1 x lo-'' m/s, and a plot of the 
hydraulic conductivity versus time shows no significant 
upward or downward trend. 

8.5.4 Falling-Head Tests (Methods B and C)-Measure 
and record the required head loss across the test specimen to 
the tolerances stated in 5.1.2. For fallinghead tests, at no 
time shall the applied head loss across the specimen be less 
than 75 ?4 of the initial (maximum) head loss during each 
individual hydraulic conductivity determination (see Note 
12). Periodically measure and rewrd any changes in the 
height of the specimen, if being monitored. Continue perme- 
ation until at least four values of hydraulic conductivity are 
obtained over an interval of time in which ( I )  the ratio of 
outflow to inflow rate is between 0.75 and 1.25, and (2) the 
hydraulic conductivity is steady (see 8.5.3). 

NOTE 12-When the water pressure in a test specimen changes and 
the applied total stress is constant, the effective stress in the test 
specimen changes, which can cause volume changes that can invalidate 
the test results. The requirement that the head loss not decrease very 
much is intended to keep the effective stress from changing too much. 
For extremely soft, compressible test specimens, even more restrictive 
criteria might be needed Also, when the initial and final head losses 
across the test specimen do not m e r  by much, great accuracy is needed 
to comply with the requirement of 5.1.2 that the ratio of initial to final 
head loss be deteTmined with an accufacy of k 5  % or better. When the 
initial and final head loss over an interval of time do not Mer very 
much, it may be possible to comply with the requirements for a constant 
head test (8.5.3) in which the head loss must not differ by more than 
2 5  % and to treat the test as a constant head test. 

8.5.4.1 Test with Constant Tailwater Level (Method B)- 
If the water pressure at the downstream (tailwater) end of the 
test specimen is kept constant, periodically measure and 
record either the quantity of inflow or the level of water in 
the influent standpipe; measure and record the quantity of 
outflow from the test specimen. 

8.5.4.2 Test with Increasing Tailwater Level (Method 
C1-U the water pressure at the downstream end of the test 
specimen rises during an interval of time, periodically mea- 
sure and record either the quantity or inflow and outflow or 
the changes in water levels in the influent and effluent 
standpipes. 

8.5.5 Constant Rate of Flow Tests (Method 0)-Initiate 
permeation of the specimen by imposing a constant flow 
rate. Choose the flow rate so the hydraulic gradient does not 
exceed the value specified, or if none is specified, the value 
recommended in 8.5.1. Periodically measure the rate of 
hflow, the rate of outflow, and head loss across the test 
W m e n  to the tolerances given in 5.1.3. Also, measure and 
record any changes in specimen height, if being monitored. 
Continue permeation until at least four values of hydraulic 
conductivity are obtained over an interval of time in which 
( I )  the ratio of inflow to outflow rates is between 0.75 and 
1.25, and (2) hydraulic conductivity is steady (see 8.5.3). 

8.6 Final Dimensions of the Specimen-After completion 
Of permeation, reduce the applied confining, influent, and 

' 

emuent pressures in a manner that does not generate 
significant volume change of the test specimen. Then care- 
fdly d i k m b l e  the permeater cell and remove the spec- 
imen. Measure-and record the final height, diameter, and 
total mass of the specimen. Then determine the final water 
content of the specimen by the procedure of Method D 22 16. 
Dimensions and mass of the test specimen shall be measured 
to the tolerances specified in 5.13 and 7.1. 
NOTE 13-The specimen may swell after removal of back pressure as 

a result of air coming out of solution. A correction may be made for tbis 
effect, provided that changes in the length of the specimen are 
monitored during the test. The strain caused by dismantling the cell is 
computed from the length of the specimen before and after dismantling 
the cell. The same strain is assumed to have occurred in the diameter. 
The corrected diameter and actual length before the back pressure was 
removed are used to compute the volume of the test specimen prior to 
dismantling the cell. The volume prior to dismantling the cell is used to 
determine the final dry density and degree of saturation. 

9. Calculation 
9.1 Constant Head and Constant Rate of Flow Tests 

(Methods A and D)-Calculate the hydraulic conductivity, k, 
as follows: 

k = QL/Ath (1) 
where: 3 

k = hydraulic conductivity, m/s, 
Q =quantity of flow, taken as the average of inflow and 

L = length of specimen along path of flow, m, 
A = cross-sectional area of specimen, m2, 
t = interval of time, s, over which the flow Q occurs, and 
h = difference in hydraulic head across the specimen, m of 

9.2 Falling-Head Tests: 
9.2.1 Constant Tailwater Pressure (Method B)-Calculate 

L 

outflow, m3, 
. 

water. 

the hydraulic conductivity, k, as follows: 

k = In (%) 
At 

where: 
a =cross-sectional area of the reservoir containing the 

L = length of the specimen, m, 
A = cross-sectional area of the specimen, m2, 
t = elapsed time between determination of h, and h2, s, 
hl = head loss across the specimen at time t , ,  m, and 
h2 = head loss across the specimen at time t2, m. 

9.2.2 Increasing Tailwater Pressure (Method C)-Calcu- 
late the hydraulic conductivity, k, as follows: 

influent liquid, m2, 

(3) 

where: 
q, = cross-sectional of the reservoir containing the 

a,,, = cross-sectional area of the reservoir containing the 

L = length of the specimen, m, 
A = cross-sectional area of the specimen, m2, 
t = elapsed time between determination of h, and hz, s, 
hl = head loss across the specimen at time t ,  m, and 
h2 = head loss across the specimen at time t2, m. 

influent liquid, m2, 

emuent liquid, m2, 
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NOTE 14-For the case in which u,, =.% = a, the equation for 
calculating k for a falling head test with a rising tailwater level is: 

TABLE 1 Conection Factor Rr for Viscosity of Water at Var 
Temperatures* 

(4) 

9.3 Correct the hydraulic conductivity to that for 20°C 
(68"F), kzo, by multiplying k by the ratio of the viscoSity of 
water at test temperature to the viscosity of water at 20'C 
(68T), RT, from Table 1, as follows: 

b = R #  (5 )  

10. Report 
10.1 Report the following information: 
10.1.1 Sample identifying information, 
10.1.2 Any special selection and preparation process, such 

zs ieiiiuvai of stones or other materials, or indication of their 
presence, if undisturbed specimen, ' 

10.1.3 Descriptive infomation on method of compac- 
tion, 
10.1.4 Initial dimensions of the specimen, 
10.1.5 Initial water content and dry unit weight of the 

specimen, 
10.1.6 Type of permeant liquid used, 
IO. 1.7 Magnitude of total back pressure, 
10.1.8 Maximum and minimum effective consolidation 

stress, 
NOTE 15-The maximum effective stress exists at the emuent end of 

the test specimen and the minimum stress at the influent end. 
10.1.9 Height of specimen after completion of consolida- 

'ion, if monitored, 
10.1.10 Range of hydraulic gradient used, 
10.1.1 1 Final length, diameter, water content, dry unit 

weight, and degree of saturation of the test specimen, 
10.1.12 Average hydraulic conductivity for the last four 

determinations of hydraulic conductivity (obtained as de- 
scribed in 8.5.3 to 8.5.5), reported with two significant 
figures, for example, 7.1 X m/s, and reported in units 
of m/s (plus additional units, if requested or customary), 
10.1.13 Graph or table of hydraulic conductivity versus 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
?L 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1.783 
1.723 
1.664 
1.611 
1.560 
1.51 1 
1.465 
1.421 
1.379 
1.339 
1.301 
1265 
1230 
1.197 

1.135 
1.106 
1 .on 
1 .os1 
1.025 
1 .M)o 
0.976 
0.953 
0.931 
0.910 

. I C -  
I . IW 

~~ 

25 0.889 
26 0.869 
27 0.650 
28 0.832 
29 0.014 
30 0.797 
31 0.780 
32 0.764 
33 0.749 
34 0.733 
35 0.719 
36 0.705 
37 0.692 
38 0.678 
39 0.665 
40 0.653 
41 0.w1 
42 0.629 
43 0.61 8 
44 0.607 
45 0.598 
46 0.585 
47 0.575 
48 0.565 
49 0.556 

* RT (-0,02452 T + 1.495) Wtrere T is Celsi~s. 

time or pore volumes of flow is recommended. 

11. Precision and Bias 
1 1.1 Precision-Data are being evaluated to determ 

the precision of this test method. In addition, Subcommii 
D18.04 on Hydrologic Properties of Soil and Rocks, 
seeking pertinent data from users of this test method. 
11.2 Bias-There is no accepted reference value for 1 

test method, therefore, bias cannot be determined. 

12. Keywords 

draulic conductivity; liner, pemeameter 
12.1 coefficient of permeability; hydraulic barriers; 1 
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Standard Practice for 
Design and Installation of Ground Water Monitoring Wells in 
Aquifers' 
This standard is issued under the fixed designation D 5092; the number immediately following the designation thc year of 
original adoption or. in the case of xevi.sion, the year of last -on. A numkr in parentheses indicates the year of last reapproval. A 
superscript epsilon (t) indicates an editorial change since the last nvision or rcappmvai. 

INTRODUCIION 
\ 

This practice for the design and installation of ground water monitoring wells in aquifers wil l  
promote (I) durable and reliable construction, (2) extraction of representative ground water 
quality samples, and (3) efficient and site hydrogeological characterizations. The guidelines 
established herein are affected by governmental regulations and by site specific geological, 
hydrogeological, climatological, topographical, and subsurface chemistry conditions. To meet 
these geoenvironmental challenges, this guidance promotes the development of a conceptual 
hydrogeologic model prior to monitoring well design and installation. 

1. scope 
1.1 This practice considers the selection and characteriza- 

tion (that is, defining soil, rock types, and hydraulic gradi- 
ents) of the target monitoring zone as an integral component 
of monitoring well design and installation. Hence, the 
development of a conceptual hydrogeologic model for the 
intended monitoring zone@) is recommended prior to the 
design and installation of a monitoring well. 
1.2 These guidelines are based on remgmed methods by 

which monitoring wells may be designed and installed for the 
purpose of detecting the presence or absence of a contami- 
nant, and collecting representative grovnd water quality 
data. The design standards and installation procedures 
herein are applicable to both detection and assessment 
monitoring programs for facilities. 
1.3 The recommended monitoring well design, as pre- 

sented in this practice, is based on the assumption that the 
objective of the program is to obtain representative ground 
water information and water quality samples from aquifers. 
Monitoring wells constructed following this practice should 
produce relatively turbidity-free samples for granular aquifer 
materials ranging from gravels to silty sand and sufficiently 
permeable consolidated and Fractured strata. Strata having 
grain sizes smaller than the recommended design for the 
smallest diameter filter pack materials should be monitored 
by alternative monitoring well designs which are not ad- 
dressed in this practice. 
1.4 The values stated in inch-pound units are to be 

regarded as standard. The values in parentheses are for 
information only. 
1.5 This standard does not purport to address the safety 

problems associated with its use. It is the responsibility of the 
user of this standard to establish appropriate safety and 

' Tbk practice is under the jurisdiction of ASTM Cornminee D18 on Soil and 
Rock and is the dim responsibility of Subcommittee D18.21.05 on Ik@ and 
Installation of Ground-Water Monitoring W e k  

C a n t  edition approved June 29,1990. PuWed October 1990. 

health practices and determine the appbbility of regulatory 
limitations prior to use. 

2. Referenced Documents 
2.1 ASTM Standards: 
C 150 Specification for Portland Cement2 
C 294 Descriptive Nomenclature of Constituents of Nat- 

D 653 Terminology Relating to Soil, Rock, and Contained 

D 1452 Practice for Ssil Investigation and Sampling by 

D 1586 Method for Penetration Test and S p l i t - h l  

D 1587 Practice for Thin-Walled Tube Sppling of Soils4 
D 21 13 Practice for Diamond Core Drilling for Site 

D2487 Test Method for Classification of Soils for Engi- 

D 2488 Practice for Description and Identification of Soils 

D 3282 Practice for Classification of Soils and Soil Aggre- 

D 3550 Practice for Ring Lined Barrel Sampling of Soils4 
D4220 Practice for Preserving and Transporting Soil 

i 

ural Mineral Aggregates' 

Ruids4 

Auger brings4 

Sampling of Soils4 

Investigation4 

neering Purposes4 

(Visual-Manual Procedure)4 

gate Mixtures for liighway Construction Purposes4 

Samples4 

3. Significance and Use 
3.1 An adequately designed and installed ground water 

monitoring well system for aqutxwsphase liquids provides 
essential information for decisions pertaining to one or more 
of the following subjects: 
3. I .  1 Aquifer and aquitard properties, both geologic and 

hydraulic; 
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3.1.2 Potentiometric surface of a particular hydrologic 

3.1.3 Water quality with respect to various indicator 

3.1.4 Migration characteristics of a contaminant release; 
3.1.5 Additional installations or decommissioning of in- 

uIlit(s); 

patameten; 

w t i o n s ,  or both, no longer needed. 

4. Terminology 
4.1 Dejnitions: 
4.1.1 annular space; annulus-the space between two 

concentric tubes or casings, or between the casing and the 
borehole wall. This would include the space(s) between 
multiple strings of tubinglcasings in a borehole installed 
either concentrically or multicased adjacent to each other. 

4.1.2 assessment monitoring-an investigative monitor- 
ing program that is initiated after the presence of a contam- 
inant in ground water has been detected. The objective of 
this program is to determine the concentration of constitu- 
ents that have contaminated the ground water and to quan- 
tify the rate and extent of migration of these constituents. 

4.1.3 ASTMcement types-Portland cements meeting the 
requirements of Specifications C 150. Cement types have 
slightly different formulations that result in various charac- 
teristics which address Merent construction conditions and 
different physical and chemical environments. They are as 
follows: 

4.1.3.1 Type I(Port1and)-a general-purpose construction 
cement with no special properties. 

4.1.3.2 Type ZI (Ponland)-a construction cement that is 
moderately resistant to sulfates and generates a lower head of 
hydration at a slower rate than Type I. 

4.1.3.3 Type III (Portland; high early strength)-a con- 
struction cement that produces a high,early strength. This 
cement reduces the curing time required when used in cold 
environments, and produces a higher heat of hydration than 
Type I. 

4.1.3.4 Type IV (Portland)-a construction cement that 
produces a low head of hydration (lower than Types I and II) 
and develops strength at a slower rate. 

4.1.3.5 Type V (Portland)-a construction cement that is 
a high sulfate resistant formulation. Used when there is 
severe sulfate action h m  soils and ground water. 

4.1.4 bailer-a hollow tubular receptacle used to facilitate 
withdrawal of fluid from a well or borehole. 

4.1.5 ballast-materials used to provide stability to a 
buoyant object (such as casing within a borehole filIed with 
water). 

4.1.6 blowin-the inflow of ground water and unconsol- 
idated material into a borehole or casing caused by differen- 
tial hydraulic heads, that is, caused by the presence of a 
greater hydraulic head outside of a borehole/casing than 
inside. 

4.1.7 borehole a circular open or uncased subsurface hole 
createdbydrilling. 

4.1.8 borehole log-the record of geologic units pene- 
trated, drilling progress, depth, water level, sample recovery, 
volumes, and types of materials used, and other significant 
facts regarding the drilling of an exploratory borehole or well. 

DlscvssIoN-The definition of aquifer as currently included in 
Terminology D 653 varies fbm the definition as prescribed by US 

A 

federal regulations. Since this federal definition is as so^ 
the installation of many monitoring wells it is provided 
technical note: 

aquifer-a geologic formation, group of formation, (I 
formation that is saturated, and is capable of providing a 
quantity of water. 

4.1.9 bridge-an obstruction within the annu 
may prevent circulation or proper emplacement ( 
materials. 

4.1.10 casing-pipe, finished in sections w 
threaded connections or bevelled edges to be fie1 
which is installed temporarily or permanently to 
caving, to advance the borehole, or to isolate the i 
monitored, or combination thereof. 

4.1.11 casing, protective-a section of larger 
pipe wi is empiz& *As ;;c-p of 2 
eter monitoring well riser or casing to provide 
protection to the well and restrict u~uthorized : 
the well. 

4.1.12 casing, surfae-pipe used to stabilize 
near the surface during the drilling of a borehole tl 
left in place or removed once drilling is complete 

4.1.13 caving; sloughing-the inflow of uncc 
material into a borehole which occurs when th 
walls lose their cohesive strength. 

4.1.14 cement; Portland cement-ommonly 
Portland cement. A mixture that consists of a 
argillaceous, or other silica-, alumina-, and 
be+ing materials that is manufactured and fon 
produce various types which are defined in SI 
C 150. Portland cement is also considered a 
cement because it must be mixed with water 
cement-water paste that has the ability to h 
develop strength even if cured under water ( 
cement types). 

4.1.15 centralizer-a device that assists in the 
a casing or riser within a borehole or another cas 

4.1.16 circulation-applies to the fluid roG 
method, drilling fluid movement from the mud 1 
the pump, hose and swivel, driU pipe, annular s 
hole and returning to the mud pit. 

4.1.17 conductance ‘(specific)-a measure of ti 
the water to conduct an electric current at 77°F 
related to the total concentration ofionizable 9 
water. It is inversely proportional to electrical re! 

4.1.18 confining unit-a term that is synon! 
“aquiclude,” “aquitard,” and “aquifuge;” define 
of relatively low permeable material stratigrapl: 
cent to one or more aquifers. 

4.1.19 contaminant-an undesirable substan1 
mally present in water or soil. 

4.1.20 detection monitoring-a program of 
for the express purpose of determining whether 
has been a contaminant release to ground water 

4.1.21 drill cuttings--fragments or particles 
rock, with or without free water, created by 
process. 

4.1.22 drirringfluid-a fluid (liquid or gas) 1 
used in drilling operations to remove cumnl 
borehole, to clean and cool the drill bit, and to I 
integrity of the borehole during drilling. 
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4.1.23 d - l e t h e  diameter of a soil particle (preferably in 
dlimetres) at which 10 %I by weight (dry) of the particles of 
particular sample are finer. Synonymous with the effective 
ze or effective grain size. 
4.1.24 d-60-the diameter of a soil particle (preferably in 
W e t r e s )  at which 60 %I by weight (dry) of the particles of 
particular sample are finer. 
4.1.25 flow path-represents the area between two flow 
3es along which ground water can flow. 
4.1.26 flush joint or flush c o u p l e d 4 n g  or riser with 
tds threaded such that a consistent inside and outside 
meter is maintained across the threaded joints or mu- 
ings. 
4.1.27 gravelpack-common nomenclature for the termi- 
)logy, primary filter of a well (see primaryfilter pack). 
4.1.28 grout (monitoring welk)-a low permeability mate- 
11 placed in the annulus between the well casing or riser 
pe and the borehole wall (that is, in a Singlecased 
onitoring well), or between the riser and casing (that is, in 
multi-cased monitoring well), to maintain the alignment of 
e casing and riser and to prevent movement of ground 
iter or surface water within the annular space. 
4.1.29 grout shoe-a plug fabricated of relatively inert 
aterials that is positioned within the lowermost section of a 
rmanent casing and fitted with a passageway, often with a 
IW check device, through which grout is injected under 
essure to fill the annular space. After the grout has set, the 
Dut shoe is usually drilled out. 
4.1.30 head (static)-the height above a standard datum 
the surface of a column of water (or other liquid) that can 
supported by the static pressure at a given point. The 

itic head is the sum of the elevation head and the pressure 
ad. 
4.1.31 head (total)-the sum of three components at a 
lint: (I) elevation head, &, which is equal to the elevation 
the point above a datum; (2) pressure head, hp, which is 
height of a column of static water than can be supported 
the static pressure at the point; and (3) velocity head, hv, 
uch is the height the kinetic energy of the liquid is capable 
lifting the liquid. 
4.1.32 hydrologic unit-geologic strata that can be distin- 
ished on the bask of capacity to yield and transmit fluids. 
iuifers and confining units are types of hydrologic units. 
nmdaries of a hydrologic unit may not necessarily corre- 
md either laterally or vertically to lithostratigraphic for- 
ations. 
4. I .33 jetting-when applied as a drilling method, water is 
-ced down through the drill rods or casings and out 
*ough the end aperture. The jetting water then transports 
: generated cuttings to the ground surface in the annulus of 
: drill rods or casing and the borehole. The term jetting 
iy also refer to a development technique (see well screen 
ting). 
4.1.34 loss of circulation-the loss of drilling fluid into 
ata to the extent that circulation does not return to the 
face. 
4.1.35 mud pit-usually a shallow, rectangular, open, 
rtable container with M e s  into which drilling fluid and 
nings are discharged from a borehole and that serves as a 
crvoir and settling tank during recirculation of the drilling 

6 
fluids. Under some circumstances, an excavated pit with a 
lining material may be used. 

4.1.36 multi-cased well-a well constructed by using suc- 
cessively smaller diameter casings with depth. 

4.1.37 neat cement-a mixture of Portland cement (Spec- 
ification 150) and water. 

4.1.38 observation well-typically, a small diameter well 
used to measure changes in hydraulic heads, usually in 
response to a nearby pumping well. 

4.1.39 oil airfilter-a filter or series of filters placed in the 
air flow Line from an air compressor to reduce the oil content 
of the air. 

4.1.40 oil trap-a device used to remove oil from the 
compressed air discharged from an air compressor. 

4.1.4 I packer (monitoring wells)-a transient or dedicated 
device placed in a well that isolates or seals a portion of the 
well, well annulus, or borehole at a specific level. 

4.1.42 potentiometric sudace-an imaginary surface r e p  
resenting the static head of ground water. The water table is a 
particular potentiometric surface. 

DlscvsslON--Where the head varies with depth in the aquifer, a 
potentiometric surface is meaningful only if it describes the static 
head along a particular specified surface or stratum in that aquifer. 
More than one potentiometric surface is required to describe the 
distribution of head in this case. 

4.1.43 primary Jlter pack-a clean silica sand or sand and 
gravel mixture of selected grain size and gradation that is 
installed in the annular space between the borehole wall and 
the well h n ,  extending an appropriate distance above the 
screen, for the purpose of retaining and stabilizing the 
particles from the adjacent strata. The term is used in place 
of gravel pack. 

4.1.44 PTFE tape-joint sealing tape composed of poly- 
tetrafluoroeth ylene. 

4.1.45 riser-the pipe extending fiom the well screen to 
or above the ground surface. 

4.1.46 secondary filter puck-a clean, uniformly graded 
sand that is placed in the annulus between the primary filter 
pack and the over-lying seal, or between the seal and 
overlying grout backfill, or both, to prevent movement of 
seal or grout, or both, into the primary filter pack. 

4.1.47 sediment sump-a blank extension beneath the 
well screen used to collect fine-grained material from the 
filter pack and adjacent strata. The term is synonymous with 
rat trap or tail pipe. 

4.1.48 shear strength (monitoring wells)-a measure of 
the shear or gel properties of a drilling fluid or grout. 

4.1.49 single-cased well-a monitoring well constructed 
with a riser but without an exterior casing. 

4.1.50 static water level-the elevation of the top of a 
column of water in a monitoring well or piezometer that is 
not influenced by pumping or conditions related to well 
installation, hydrologic testing, or nearby pumpage. 

4.1.51 tamper-a heavy cylindrical metal section of 
tubing that is operated on a wire rope or cable. It slips over 
the riser and fits inside the casing or borehole annulus. It is 
generally used to tamp annular sealants or filter pack 
materials into place and prevent bridging. 

4.1.52 target monitoring zone-the ground water flow 
path from a particular area or facility in which monitoring 
wells will be screened. The target monitoring zone should be 
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a stratum (strata) in which there is a reasonable expectation 
that a vertically placed well will intercept migrating ,contam- 
inants. 
4.1.53 test pit-a shallow excavation made to characterize 

the subsurface. 
4.1.54 transmissivitpthe rate at which water of the 

prevailing kinematic viscosity is transmitted through a unit 
width of the aquifer under a unit hydraulic gradient. 

DIscvSSroN-It is equal to an integmtion of the hydraulic 
conductivities across the saturated part of the aquifer perpendicular 
to the flow paths. 
4.1.55 tremie pipe-a pipe or tube that is used to trans- 

port filter pack materials and annular sealant materials from 
the ground surface into the borehole annulus or between 
casings and Casings or riser pipe of a monitoring well. 
4.1.56 uniformly graded-a quantitative definition of the 

particle size distribution of a soil which consists of a majority 
of particles being of the same approximate diameter. A 
granular material is considered uniformly graded when the 
uniformity coefficient is less than about five (Test Method 
D 2487). Comparable to the geologic term well sorted. 
4.1.57 vented c a p a  cap with a small hole that is installed 

on top of the riser. 
4.1 S8 washout nozzle-a tubular extension with a check 

valve utilized at the end of a string of Casing through which 
water can be injected to displace drilling fluids and cuttings 
from the annular space of a borehole. 
4.1.59 weep hole-a small diameter hole (usually 1/4 in.) 

drilled into the protective casing above the ground surface 
that serves as a drain hole for water that may enter the 
protective casing annulus. 
4.1.60 well completion diagram-a record that illustrates 

the details of a well installation. 
4.1.6 1 well screen-a filtering device used to retain the 

primary or natural filter pack; usually a cylindrical pipe with 
openings of a uniform width, orientation, and spacing. 
4.1.62 well screen jmting (hydraulic jettin@-when jetting 

is used for development, a jetting tool with nozzles and a 
high-pressure pump is used to force water outwardly through 
the screen, the filter pack, and sometimes into the adjacent 
geologic unit. 

drologic zone in which all 

the joints, fractures, or solution channels in a consolidated 
rock unit are filled with water under pressure greater than 
that of the atmosphere. 

4.1.63 zone of saturation-a 
the interstices between particles Y o geologic material or all of 

5. Site Characterization 
5.1 General-Soil mechanics, geomorphological con- 

cepts, geologic structure, stratigraphy, and sedimentary con- 
cepts, as well as the nature and behavior of the solutes of 
interest, must be combined with a knowledge of ground 
water movement to make a complete application of the 
results of the monitoring well design and installation guid- 
ance. Therefore, development of a conceptual hydrogeologic 
model that identifies potential flow paths and the target 
monitoring zone@) is recommended prior to monitoring well 
design and installation. Development of the conceptual 
model is accomplished in two phases-an initial reconnais- 
sance and a field investigation. When the hydrogeology of a 
project area is relatively uncomplicated and well docu- 

mented in the literature, the initial reconnaissa 
provide sufficient information to identrfy flow path 
target monitoring zone(s). However, where little bat 
data is available or the geology is complicated 
investigation will generally be neceSSary to compl 
velop a conceptual hydrogeologic model. 

5.2 Initial Reconnaissance of Project Area-Th 
the initial reconnaissance of the project area is t( 
and locate those zones with the greatest potential tc 
a fluid from the project area Identifying these not 
the first step in selecting the target ground water m 
zonds). 
5.2.1 Literature Search-Every effort should be 

collect and review all applicable field and labora 
from previous investigations of the project area. I 
as, but not limited to, topographic maps, aerial im; 
ownership and utilization records, geolo 
hydrogeologic maps and reports, mineral resourn 
water well logs, personal information from local we 
agricultural soil reports, geotechnical engineerin, 
and other engineering maps and report related to t 
area should be reviewed. 
5.2.2 Field Reconnaissance-Early in the invi 

the soil and rocks in open cut areas in the vicin 
project should be studied, and various soil and r a  
noted. Special consideration should be given to soil 
textural changes, landslides, seeps, and springs witk 
the project area 
5.2.3 Preliminary Conceptual Model-The dist~ 

the predominant soil and rock units likely to be foL 
subsurface exploration may be hypothesized at thi 
preliminary hydrogeologic conceptual model L 
obtained in the literature search and field reconna 
areas where the geology is relatively uniform, 1 

rnented in the literature, and substantiated by 
reconnaissance, further refinement of the concepl 
may not be necessary unless anomalies are discovi 
well drilling stage. 
5.3 Field Investigation--The goal of the field 

tion is to refine the preliminary conceptual hyc 
model so that the target monitoring zone(s) is sell 
to monitoring well installation. 

5.3.1 Exploratory Borings and Test Pits-Ch 
tion of the flow paths conceptualized in the initial 
sance involves defining the porosity, hydraulic co 
gradation, stratigraphy, lithology, and structux 
hydrologic unit. The characteristics are define 
ducting an exploratory boring program which rn 
test pits. Exploratory borhgs and test pits shou 
enough to develop the required enginer 
hydrogeologic data for determining the flow pal 
monitoring zone, or both. 
5.3.1.1 Sampling-Soil and rock properties shc 

predicted wholly on field identification or classifi 
should be checked by laboratory and field test 
samples. Representative soil or rock samples, 
each material that is significant to the analysis an 
the monitoring system should be obtained and e‘ 
a geologist, hydrogeologist, or engineer trained 
e n d  in soil and rock anal*. Soil sample extmc 
be conducted according to Practice D 1452, Meth 
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Practice D 3550, or practice D 1587, whichever is appro- 
priate given the anticipated characteristics of the soil sam- 
ples. Rock samples should be extracted according to Practice 
D 21 13. Soil samples obtained for evaluation of hydraulic 
properties should be containerized and identified for ship 
ment to a laboratory. Special measures to preserve either the 
continuity of the sample or the natural moisture are not 
usually required. However, soil and rock samples obtained 
for evaluation of chemical properties often require special 
field preparation and preservation to prevent significant 
alteration of the chemical constituents during transportation 
to a laboratory (see Practice D4220). Rock samples for 
evaluation of hydraulic properties are usually obtained using 
a split-inner-tube core barrel. Evaluation and logging of the 
core samples is usually made in the field before the core is 
removed fkom half of the split inner tube core barrel. 

5.3.1.2 Boring Logs-Care should be taken to prepare 
and retain a complete boring log and sampling record for 
each exploratory borehole and test pit. 

N m  1-Site investigations for the installation of ground-water 
monitoring wells can vary greatly due to the availability of reliable site 
data or the lack thereof. The general procedure would however be as 
follows (I) gather factual data regarding the surficial and subsurface 
conditions, (2)  analyze the data, (3) develop a conceptual model of the 
site conditions, ( 4 )  locate the monitoring wells based on the fist three 
steps. Monitoring wells should only be installed with sufficient under- 
standing of the geologic and hydrogeologic conditions present on site. 
Monitoring wells often serve as part of an overall site investigation for a 
specific purpose, such as determining the extent of contamination 
present, or for prediction of the effectiveness of aquifer mediations. In 
these cases extensive additional geotechnid and hydrogeologic infor- 
mation may be required that would go beyond the Section 5 Site 
Characterization description. 

Boring logs should include the location, geotechnical (that is, 
penetration rates or blow counts), and sampling information 
for each material identified in the borehole either by symbol 
or word description, or both. Identification of all soils should 
be in accordance with Practice D 2488 or Practice D 3282. 
Identification of rock material should be based on Nomen- 
clature C294 or by an appropriate geologic classification 
system. Observations of seepage, free water, and water levels 
should also be noted. The boring logs should be accompa- 
nied by a report that includes a description of the area 
investigated; a map illustrating the vertical and horizontal 
location (with reference to nearest National Geodetic Ver- 
tical Datum [NGVD] and to a standardized survey grid, 
respectively) of each exploratory borehole or test pit, or both; 
and color photographs of rock cores, soil samples, and 
exposed strata labeled with a date and identification. 

5.3.2 Geophysical Exploration-Geophysical surveys may 
be used to supplement borehole and outcrop data and to aid 
in interpretation between boreholes. Surface geophysical 
methods such as seismic surveys, and electrical-resistivity 
and electromagnetic conductance surveys can be particularly 
valuable when distinct differences in the properties of 
contiguous subsurface materials are indicated. Borehole 
methods such as resistivity, gamma, gamma-gamma, neu- 
tron, and caliper logs can be useful to confirm specific 
subsurface geologic conditions. Gamma logs are particularly 
useful in existing cased wells. 

5.3.3 Ground Water Flow Direction-Ground water flow 
direction is generally determined by measuring the vertical 

and horizontal hydraulic gradient within each conceptual- 
ized flow path. However, because water will flow along the 
path of least resistance, flow direction may be oblique to the 
hydraulic gradient (buried stream channels or glacial valleys, 
for example). Flow direction is determined by first installing 
piezometers in the exploratory boreholes. The depth and 
location of the piezometers will depend upon anticipated 
hydraulic connections between conceptualized flow paths 
and their respective lateral direction of flow. Following 
careful evaluation, it may be possible to utilize existing 
private or public wells to ob’ain water level data. The 
construction integrity of such wells should be verified to 
ensure that the water levels obtained from the wells are 
representative only of the zones of interest. FoLlowing water 
level data acquisition, a potentiometric surface map should 
be prepared. Flow paths are ordinarily determined to be at 
right angles, or nearly so, to the equipotential lines. 

5.4 Completing the Conceptual Model-A series of 
hydrogeologic cross sections should be developed to refine 
the conceptual model. This is accomplished by first plotting 
logs of soil and rock observed in the exploratory borings or 
test pits, and interpreting between these logs using the 
geologic and engineering interrelationships between other 
soil and rock data observed in the initial reconnaissance or 
with geophysical techniques. Extrapolation of data into 
adjacent areas should be done only where geologically 
uniform subsurface conditions are known to exist. The next 
step is to integrate the protile data with the piezometer data 
for both vertical and horizontal hydraulic gradients. Plan 
view and cross-sectional flow nets may need to be con- 
structed. Following the analysis of these data, conclusions 
can be made as to which flow path(s) is the appropriate target 
monitoring zone(s). 

NOTE 2-Ground water monitoring is difficult and may not be a 
reliable technology io fine-grain, low hydraulic conductivity, primary 
porosity strata because of (I) the disproportionate influence that 
microstratigraphy has on ground water flow in fine-grain straw (2 )  flow 
lines proportionally higher for the vertical flow component in low 
hydraulic conductivity strata; and (3) the presence of indigenous 

’ metallic and inorganic constituents that make water quality data 
evaluation difficult. 

\ 
6. Monitoring Well Construction Materials 

6.1 General-The materials that are used in the construc- 
tion of a monitoring well and that come in contact with the 
water sample should not measurably alter the chemical 
quality of the sample for the constituents being examined 
using the appropriate sampling protocols. Furthermore, the 
riser, well screen, and annular sealant injection equipment 
should be steam cleaned or high-pressure water cleaned (if 
appropriate for the selected riser material) immediately prior 
to well installation or certified clean from the manufacturer 
and delivered to site in a protective wrapping. Samples of the 
cleaning water, filter pack, annular seal, and mixed grout 
should be retained to seme as quality control until the 
completion of at least one round of ground water quality 
sampling and analysis. 

6.2 Water-Water used in the drilling process, to prepare 
grout mixtures and to decontaminate the well screen, riser, 
and annular sealant injection equipment, should be obtained 
from a source of known chemistry that does not contain 
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@&tuents that could compromise the integrity of the well 
d a t i o n .  

6.3 Primary Filter Pack 
6.3.1 Materials-The primary filter pack (gravel pack) 

consists of a g12IIula.r material of known chemistry and 
selected grain size and gradation that is installed in the 
maulus between the screen and the borehole wall. The filter 
pack is usually selected to have a 30 9% finer (d-30) grain size 
bat is about 4 to 10 times greater than the 30 96 finer (d-30) 
@n size of the hydrologic unit being filtered (see Fig. 1). 
usually, the filter is selekted to have a low (that is, less than 
2.5) uniformity coefficient. Tbe grain size and gradation of 
b e  filter are selected to stabilize the hydrologic unit adjacent 
to the Screen and permit only the finest soil grains to enter 
'he Screen during development. Thus, after development, a 
correctly filtered monitoring well is relatively turbid-free. 

NOTE 3--~hen insralling a monitoring well 'in ~ars t  or himy 
bared bedrock, the borehole configuration of void spaces within the 
f e a t i o n  surrounding the borehole is often unknown. Therefore, the 
&ation of a filter pack becomes difficult and may not be possible. 

6.3.2 Gradation-The filter pack should be uniformly 
graded and comprised of hard durable siliceous particles 
washed and screened with a particle size distribution derived 
by multiplying the d-30 size of the finest-grained screened 
stratum by a factor between 4 and 10. Use a number between 
four and six as the multiplier if the stratum is fine and 
uniform; use a factor between six and ten where the material 
has highly nonuniform gradation and includes silt-sized 
particles. The grain-size distribution of the filter pack is then 
plotted using the d-30 size as the control point on the graph. 
The selected filter pack should have a uniformity coefficient 
of approximately 2.5 or less. 

NOTE 4-This practice presents a design for monitoring wells that 
w i l l  be effective in the majority of aqdes. Applicable state guidance 
may differ from the designs contained in this pr-adce. 
NOTE 5-Because the well screen slots have uniform openins the 

filter pack should be composed of particles that are as uniform in size as 
is practical. Ideally, the uniformity coefficient (the quotient of the 60 % 
pasing, D-60 size divided by the 10 % parsing DIO size (effdve size]) 
ofthe filter pack should be 1.0 (that is, the D-60 % and the D I O  % sizes 
should be identical). However, a more practical and consistently 
achievable uniformity coefficient for all ranges of filter pack sizes is 2.5. 
This value of 2.5 should represent a maximum value, not an ideal. 

NOTE 6-Although not recommended as standard practice, often a 
project requires drilling and installing the well in one p.% of work. 

Therefore, the filter pack materials must be ordered and deliven 
drill site before soil samples can be collected. In these G 
suggested well screen slot size and filter pack materials arg pre 
Table 1. 

6.4 Well Screen: * 

6.4.1 Materials-The well screen should be ne 
chine-slotted or continuous wrapped wire-wound an 
posed of materials most suited for the monitoring e 
ment and site characterization findings. The screen sb 
plugged at the bottom. The plug should be of th 
material as the well screen. This assembly must b 
capability to withstand installation and development 
without becoming dislodged or damaged. The lengt 
slotted area should reflect the interval to be mo 
Immediately prior to installation, the well screen sh 
steam Q ~ U C U  '----A -- U+-~.W. ,~~~ L' L --Lwc..Ia ..rl.),** ..YLI. pl*gr$d I .-I__ (ifann ,- -rr 

for the selected well screen materials) with water 
source of known chemistg if not certified by the n 
turer, delivered, and maintained clean at the site. 

NOTE 7-Well meem are most commonly composed 
stainless steel, fiberglass, or fluoropolymer materials. 

6.4.2 Diameter-The minimum nominal intern, 
eter of the well screen should be chosen based 
particular application. However, in most instances 
imum of 2 in. (50 rnm) is needed to allow for the i 
tion and withdrawal of sampling devices. 

6.4.3 Slot Size--The slot size of the well screen s 
determined reIative to the grain size analysis of the 
interval to be monitored and the gradation of the fi 
material. In granular non-cohesive strata that wi 
easily around the screen, filter packs are not nece 
these cases of natural development, the slot size of 
screen is to be determined using the grain sizl 
materials in the surrounding strata. The slot 
arrangement should retain at least 90 % and prefera 
of the filter pack. The method for determining th 
gradation of filter pack material is described in 6.3 

6.5 Riser: 
6.5.1 Materials-The riser should be new and c 

of materials that will not alter the quality of wate 
for the constituents of concern and that are appro 
the monitoring environment. The riser should have 
wall thickness and coupling strength to withstand in 
and development stresses. Each section of riser s 
steam cleaned or high-pressure water cleaned (if ai 
for the selected material) using water From a source 
chemistry immediately pnor to installation. 

NOTE 8-Risers are generally constructed of PVC, sta 
fiberglaa, or fluompolymer materials 

6.5.2 Diameter-The minimum nominal inter 
eter of the riser should be chosen based on the 
application. However, in most instances, a minimu 
(50 mm) is needed to accommodate sampling dev 

6.5.3 Joints (Couplings)-Threaded joints a~ 
mended. Glued or solvent welded joints of any ty 
recommended since glues and solvents may alter 
istry of the water samples. In most cases, square pi 
joint threads do not require PTFE taping, howevc 
thread joints should be PTFE taped to prevent 
water into the riser. Alternatively, O-rings cox 
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TABLE 1 Recommended (Achievable) Fitter Pack Characteristics for Common Screen Slot Sizes 

Slot No. SandPadcMesh l%PasirgSize EftectiveSize. 3O%passlngSize RangeofUtlfomvtyRarndnss(Pomas 
slre Name(Sl 0 - 1 ) .  mm ID1 01. mm iD-30). m scale) 

sireofsaeen 
openinq. mn Cn.) 

~ ~-~ 
2105 . 1.3 to 2.0 

1.1 to 1.6 
0.125 (0.005) 5* 100 0.09 to 0.12 0.14 to 0.17 0 . v  to 0.21 

3to5  

0.75 (0.030) 30 lot020 0.7 to 0.9 1.0 to 1.2 12 to 1.5 1.1 to 1.6 3 t o 6  

0.25 (0.01 0) 10 2otoo40 025 to 0% 0.4 to 0.5 0.5 to 0.6 
0.50 (0.020) 20 lOtoM 0.7 to 0.9 1.0 to 1.2 1.2 to 1.5 1.1 to 1.6 3 t o 6  

1 .o (0.040) 40 8to12 1.2 to 1.4 1.6 to 1.8 1.7 to 2.0 1.1 to 1.6 4106 
1.5 (O.Os0) 60 6109 1.5 to 1.8 2.3 to 2.8 2.5 to 3.0 1.1 to 1.7 4 t o 6  
2.0 (O.Os0) 80 4108 2.0 to 2.4 2.4 to 3.0 1.1 to 1.7 4 to6  2.6 to 3.1 

~ ~~ 

A A 5-W (0.152mm)opening is not amently avaaabte in SbttedPVC but is availab in Vee wire W C d  Stainless: &slot opening may be substituted in maSecasaS. 

materials that would not impact the water sample for the 
constituents of concern may be selected for use on flush joint 
threads. 

6.6 Casing-Where conditions warrant, the use of perma- 
nent casing installed to prevent communication between 
water-bearing zones is encouraged. The following subsec- 
tions address both temporary and permanent casings. 

6.6.1 Materials-The material type and minimum wall 
thickness of the casing should be adequate to withstand the 
forces of installation. All casing that is to remain as a 
permanent part of the installation (that is, multicased wells) 
should be new and cleaned to be free of interior and exterior 
protective coatings. 

NOTE 9-The exterior casing (temporary or permanent multi-cased) 
is generally composed of steel, although other appropriate materials may 
be used. 

6.6.2 Diameter-Several different casing shes may be 
required depending on the subsurface geologic conditions 
penetrated. The diameter of the casing for filter packed wells 
should be selected so that a minimum annular space of 2 in. 
(50 mm) is maintained between the inside diameter of the 
casing and outside diameter of the riser. In addition, the 
diameter of the casings in multi- wells should be 
selected so that a minimum annular space of 2 in. is 
maintained between the casing and the borehole (that is, a 
2411. diameter screen will require first setting a 6-in. (152- 
mm) diameter casing in a 10-in. (254-mm) diameter boring). 

NOTE IQUnder dimcult drilling conditions (collapsing soils, rock, 
or cobbles), it may be necessary to advance temporary casing, under 
these conditions a smaller annular space may be maintained 

6.6.3 Joints (Coup/ings}-The ends of each casing section 
should be either flush-threaded or bevelled for welding. 

6.7 Protective Casing: 
6.7.1 Materials-Protective casings may be made of alu- 

minum, steel, stainless steel, cast iron, or a structural plastic. 
The protective casing should have a lid capable of being 
locked shut by a locking device. 

6.7.2 Diameter-The inside dimensions of the protective 
casing should be a minimum of 2 in. (50 mm) and preferably 
4 in. (101 mm) larger than the nominal diameter of the riser 
to facilitate the installation and operation of sampling 
equipment. 

6.8 Annular Sealants-The materials used to seal the 
annulus may be prepared as a slurry or used un-mixed in a 
dry pellet, granular, or chip form. Sealants should be selected 
to be compatible with ambient geologic, hydrogeologic, and 
climatic conditions and any man-induced conditions antici- 
pated to occur during the life of the well. 

6.8.1 Bentonite-Bentonite should be powdered, gran- 

ular, pelletized, or chipped sodium montmorillonite fur- 
nished in sacks or buckets from a commercial source and 
free of impurities which adversely impact the water quality 
in the well. Pellets consist of roughly spherical or disk shaped 
units of compressed bentonite powder. Chips are large, 
irregularly shaped, and coarse granular units of bentonite 
free of additives. The diameter of pellets or chips selected for 
monitoring well construction should be less than one fifth 
the width of the annular space into which they are placed to 
reduce the potential for bridging. Granules consist of coarse 
particles of unaltered bentonite, t y p i d y  smaller than 0.2 in. 
(50 mm). 

6.8.2 Cement-Each type of cement has slightly different 
charact6ristics that may be appropriate under various phys- 
ical and chemical conditions. Cement should be one of the 
five Portland cement types that are specified in Specification 
C 150. The use of quick-setting cements containing additives 
is not recommended for use in monitoring well installation. 
#Additives may leach from the cement and influence the 
chemistry of the water samples. 

6.8.3 Grout-The grout backfill that is placed above the 
bentonite annular seal and secondary filters (see Fig. 2) is 
ordinarily a liquid slurry consisting of either a bentonite 
(powder or granules, or both) base and water, or a Portland 
cement base and water. Often, bentonite-based grouts are 
used when it is desired that the grout remain flexible (that is, 
to accommodate freeze-thaw) during the life of the installa- 
tion. Cement or bentonite-based grouts are often used when 
the filling in of cracks in the surrounding geologic material, 
adherence to rock units, or a rigid setting is desired. 

6.8.3.1 Mixing-The mixing (and placing) of a grout 
backfill should be performed with precisely recorded weights 
and volumes of materials, and according to procedures 
stipulated by the manufacturer that often include the order 
of component mixing. The grout should be thoroughly 
mixed with a paddle type mechanical mixer or by 
recirculating the mix through a pump until al l  lumps are 
disintegrated. Lumpy grout should not be used in the 
construction of a monitoring well to prevent bridging within 
the tremie. 

NOTE 1 1-Lumps do not include lost circulation materials that may 
be added to the grout if excessive grout losses occur. 

6.8.3.2 T-ical Bentonite Base Grout-When a bentonite 
base grout is used, bentonite, usually unaltered, must be the 
first additive placed in the water through a venturi device. A 
typical unbeneficiated bentonite base grout consists of about 
1 to 1.25 lb (0.57 kg) of unaltered bentonite to each 1 gal (3.8 
L) of water. After the bentonite is mixed and allowed to 
"yield or hydrate," up to 2 lb (0.9 kg) of Type I Portland 
cement (per gallon of water) is often added to stiffen the mix. 



- 
Jwgs 

- 

.__ 
ases. 

fur- 
and 
fity 
Ped 
=e, 
nite 
' for 
:i Ah 
i to 

I in. 

'ent 
'YS- 
the 
ion 

on. 
the 

th, 
l i s  
lite 
ind 

is, 
la- 
ien 
:al, 

.use 

VeS 

are 

ut 
Its 
-es 
ler 
* 1Y 
3Y 

he 
in 

.re 

aY 

te 
le 
A 
It 
.8 
:0 
d 
t. 

-- 
-- 
&-I 

FIG. 2 mating Well Design-Single-Cased Well 

100 % Bentonite grouts should not be used solely for 
monitoring well annular sealants in the vadose zone of arid 
regions because of their propensity to desiccate. This could 
result in non-representative waters affecting the target mon- 
itoring zone. 

N m  12--High solids bentonite grouts (minimum 20 9% by weight 
with water) and other bentonite-based grouts may contain granular 
bentonite to increase the solids content and other components added 
under manufacturer's directions to either stiffen or retard stiffening of 
the mix 

All additives to grouts should be evaluated for their e f f a  on 
subsequent water samples. 

6.8.3.3 Typical Cement Base Grm-When a cement- 
based grout is used, cement is usually the first additive placed 
in the water. A typical cement-based grout consists of about 
6 to 7 gal (23 to 26 L) of water per 94-lb (43-kg) bag of Type 
I Portland cement. From 0 to 10 95 (by dry weight of 
cement) of unaltered bentonite powder is often added after 
the initial mixing of cement and water to retard shrinkage 
and provide plasticity. The bentonite is added dry to the 
cement-water slurry without first mixing it with water. 

6.9 Secondary Filter Packs: 
6.9.1 Materids-A secondary filter pack is a layer of 

material placed in the annulus between the primary iilter 
pack and the bentonite seal, and betweem the bentonite seal 
and the grout backfill (see Fm 2 and 3). 

6.9.2 Gradation-The secondary filter pack should be 
uniformly graded fine sand with a 100 % by weight passing 
the No, 30 U.S. Standard sieve, and less than 2 % by weight 
passing the 200 U.S. Standard sieve. 

UUN 

FIG. 3 Monitoring Wen Design-MuM-Cased 

6.10 Annular Seal Equipment-The equipme 
inject the annular seals and filter pack should 
cleaned or high-pressure water cleaned (if appropr 
selected material) using water from a source 
quality prior to use. This procedure is performed 
the introduction of materials that may ultimate1 
water sample quality. 

7. DrillingMethods 
7.1 The type of equipment required to creat 

open, vertical borehole for installation of a moni 
depends upon the site geology, hydrology, and th 
use of the data. Engineering and geological jr 
required for the selection of the drilling methods 
drilling the exploratory boreholes and monito 
Whenever feasible, drilling procedures should be u 
do not require the introduction of water or liquid 
the borehole, and that optimize cuttings control 
surface. Where the use of drilling fluid is unavo 
selected fluid should have as little impact as poss 
water samples for the constituents of interest. 11 
care should be taken to remove as much ddli 
possible from the well and the aquifer duriq 
development process. It is recommended that 
compressor is used, it is equipped with an oil air 
trap. 

8. Monitoring Well Inseallation 
8.1 Sfable Borehol+A stable borehole mu! 
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meted prior to attempting to install the monitoring well 
screen and riser. Steps must be taken to stabilize the borehole 
before attempting installation if the borehole tends to cave or 
blow-in, or both. Boreholes that are not straight or are 
pamaUy obstructed should be corrected prior to attempting 
the installations described herein. 

8.2 Assembly of Well Screen and Riser: 
8.2.1 Handling-The well screen, bottom plug, riser, 

should be either d e d  clean fiom the manufacturer or 
steam cleaned or high-pressure water cleaned (if appropriate 
for the selected material) using water from a source of known 
chemistry immediately prior to assembly. Personnel should 
take precautions to assure that grease, oil, or other contami- 
nants that may ultimately alter the water sample do not 
contact any portion of the well screen and riser assembly. As 
one precaution, for example, personnel should wear a clean 
pair of cotton or surgical (or equivalent) gloves while 
handling the assembly. 

8.2.2 Riser Joints (Couplings)-Flush joint risers with 
square profile threads normally do not require additional 
PTFE taping to obtain a water tight seal. In addition, O-rings 
of known chemistry, selected on the basis of prevailing 
environmental or physical conditions, may be used to assure 
a tight seal of flush-joint couplings. Couplings are often 
tightened by hand; however, if necessary, steam cleaned or 
high-pressure water cleaned wrenches may be utilized. Pre- 
cautions should be taken to prevent damage to the threaded 
joints during installation. 

8.3 Setting the Well Screen and Riser AssemblFWhen 
the well screen and riser assembly is lowered to the predeter- 
mined level and held into position, the assembly may require 
ballast to counteract the tendency to float in the borehole. 
Ballasting may be accomplished by continuously fiUing the 
riser with water h m  a source of known chemistry or, 
preferably, water which was previously removed from the 
borehole. Alternatively, the riser may be slowly pushed into 
the fluid in the borehole with the aid of hydraulic rams on 
the drill rig and held in place as additional sections of riser 
are added to the column. Care must be taken to secure the 
riser assembly so that personnel safety is’assured during the 
installation. The assembly must be installed straight with the 
appropriate centralizers to allow for the introduction and 
withdrawal of sampling devices. Difficulty in maintaining a 
straight installation may be encountered where the weight of 
the well screen and riser assembly is significantly less than 
the buoyant force of the fluid in the borehole. The riser 
should extend above grade and be capped t e m p o d y  to 
deter entrance of foreign materials during completion oper- 
ations. 

8.4 Installation of the Primary Filter Pack: 
8.4.1 Volume of Filter Pack-The volume of filter pack 

required to fill the annular space between the well screen and 
borehole should be computed, measured, and recorded on 
the well completion diagram during installation. To be 
e f f d v e ,  the filter pack should extend above the screen for a 
distance of about 20 % of the length of the well screen but 
not less than 2 A (600 mm) (see Figs. 2 and 3). Where there 
is hydraulic connection between the zone to be monitored 
and the overlying strata, this upward extension should be 
gauged to prevent seepage from overlying hydrologic units 

into the filter pack. Seepage from other units may alter the 
water sample. 

8.4.2 Placement of Primary Filter Pack-Placement of 
the well screen is preceded by placing no less than 2 95 and 
no more than 10 % of the primary filter pack into the 
bottom of the borehole Using a decontaminated, flush 
threaded, 1-in. (25-mm) minimum internal diameter tremie 
pipe. Alternatively, the filter pack may be added directly 
between the riser pipe and the auger or borehole or casing 
and the top of the filter pack lacated using a tamper or a 
weighted line. The well screen and riser assembly is then 
centered in theborehole using one or more centralizer(s) or. 
alternative centering device located not more than 10 A (3 
m) above the bottom of the well screen (see Figs. 2 and 3). 
”he centralizer should not be located in the bentonite seal. 
The remaining primary filter pack is then placed in incre- 
ments as the tremie is gradually raised. As primary filter pack 
material is poured into the tremie pipe, water from a source 
of known chemistry may be added to help move the filter 
pack. The tremie pipe or a weighed line inserted through the 
tremie pipe can be used to measure the top of the primary 
filter pack as work progresses. If bridging of the primary filter 
pack occuzs, the bridged material should be broken mechan- 
ically prior to proceeding with the addition of more filter 
pack material. The elevation, volume, and gradation of 
primary filter pack is recorded on the well completion 
diagram. 

8.4.3 Withdrawal of the Temporary Casing/Augers-If 
used, the tempomy casing or hollow stem auger is with- 
drawn, usually in stipulated increments. Care should be 
taken to minimize lifting the riser with the withdrawal of the 
temporary Casinglaugers. To limit borehole collapse, the 
temporary casing or hollow stem auger is usually withdrawn 
until the lower most point on the temporary casing or hollow 
stem auger is at least 2 A (608 mm), but no more than 5 ft 
(1.5 m), above the filter pack for unconsolidated materials; 
or at least 5 ft, but no more than 10 A (3.0 m), for 
consolidated materials. In highly unstable formations, with- 
drawal intervals may be much less. After each increment, it 
should be ascertained that the primary mter pack has not 
been displaced during the withdrawal operation (that is, a 
weighed measuring device). 

8.5 Placement of First Secondary Filter-A secondary 
filter pack may be installed above the primary filter pack to 
prevent the intrusion of the bentonite grout seal into the 
primary filter pack (see Figs. 2 and 3). To be effective, 
measured and recorded volume of secondary tilter material 
should be added to extend 1 to 2 A (304 to 608 mm) above 
the primary filter pack. As with the primary filter, a 
secondary filter must not extend into an overlying hydrologic 
unit (see 8.4.1). The well designer should evaluate the need 
for this filter pack by considering the gradation of the 
primary filter pack, the hydraulic heads between adjacent 
units, and the potential for grout intrusion into the primary 
filter pack. The secondary filter material is poured into the 
annular space through a decontaminated, flush threaded, 
I-in. (25-mm) minimum internal diameter mmie pipe 
lowered to within 3 A (1.0 m) of the placement interval. 
Water from a source of known chemistry may be added to 
help move the filter pack into its proper l e t i o n .  The tremie 
pipe or weighed line inserted through the tremie pipe can be 
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used to m e a s a  the top of the secondary mter pack as work 
progresses. The elevation, volume, and gradation of the 
secondary filter pack is recoded on the well completion 
diagram. 
8.6 Installation of the Bentonite Seal-A bentonite pellet 

or a slurry seal is placed in the annulus between the borehole 
and the riser pipe on top of the secondary or primary filter 
pack (see Fw. 2 and 3). ’This seal retards the movement of 
cement-hased grout back!ill into the primary or secondary 
filter packs. To be effective, the bentonite seal should extend 
above the filter packs approximately 3 to 5 A (1 .O to 1.5 
m)-depending on local conditions. The bentonite seal 
should be installed using a tremie pipe lowered to the top of 
the filter packs and slowly raised as the bentonite pellets or 
the slurry i3.i the annuiai. spice. Eatmite pe!!ets may bridze 
and block the tremie pipe in deep wells. In these cases, pellets 
may be allowed to free-fall into the borehole. As a bentonite 
pellet seal is poured into the tremie pipe or allowed to 
free-fall into the borehole, a tamper or weighed line may be 
neceSSary to tamp pellets into place. If the seal is instaUed 
above the water level, water fiom a source of known 
chemistry would be added to allow proper hydration of the 
annular seal. The tremie pipe or a weighed line inserted 
through the tremie pipe can be used to measure the top of 
the bentonite seal as the work progresses. If a bentonite pellet 
seal is being constructed above the water level, approxi- 
mately 5 gal (20 L) of water from a source of known 
chemistry can be poured into the annulus to ensure that the 
pellets hydrate. SdEcient time should be allowed for the 
bentonite pellet seal to hydrate or the slurry annular seal to 
expand prior to grouting the remaining annulus. The volume 
and elevation of the bentonite seal material should be 
measured and recorded on the well completion dugram. 
8.7 Final Secondary Filter Pack-A 6-in. to 1-ft (152 to 

304-mm) secondary filter may be placed above the bentonite 
seal in the same manner described in 8.5 (see Figs. 2 and 3). 
This secondary filter pack will provide a confining layer over 
the bentonite seal to limit the downward movement of 
cement-based grout backfill into the bentonite seal. The 
volume, elevation, and gradation of this final secondary filter 
pack should be documented on the well completion diagram. 
8.8 Grouting the Annular Space: 
8.8.1 Generul-Grouting procedures vary with the type of 

well design. The following procedures will apply to both 
single- and m u l t i d  monitoring wells. Paragraphs 8.8.2 
and 8.8.3 detail those procedures unique to single- and 
multi-cased instahtiom, respectively. 
8.8.1.1 Volume of Grolct-The volume and location of 

grout used to backfill the remaining annular space is 
recorded on the well completion diagram. An ample volume 
of grout should be premixed on site to compensate for 
unexpected losses. The use of alternate grout materials, 
including grouts containing gravel, may be necessary to 
cantrol zones of high grout loss 
8.8.1.2 Znjection Procedures--The grout backfill should 

be injected under pressure to reduce the chance of leaving 
voids in the grout, and to displace any liquids and drill 
cuttings that may remain in the annuIu. Depending upon 
the well design, grouting may be accomplished using a 
pressure grouting technique or by gravity feed through a 
tremie pipe. With either method, grout is introduced in one 

continuous operation until full strength grout flows ( 
the ground surface without evidence of drill cuttings or 
The grout should slope away from the riser or casing 
surface, but care should be taken not to create a 
mushroom that would be subjected to frost heave. 
8.8.1.3 Grout Setting and Curing-The riser or cas 

both should not be disturbed until the grout sets and 
for the amount of time necessary to prevent a break 
seal between the grout and riser or grout and casing 01 
The amount of time required will vary with grout o 
and climatic conditions and should be documented 
we1 completion diagram. 
8.8.2 Specijc Procedures for Single-Cased WeIkA 

ing should begin at a level directly above the final seu 
filter pack (see Fig. 2). Grout should be injected u 

fluid-pumping energy against the borehole waIi am 
reducing the potential for infiltration of grout in 
primary filter pack. The tremie pipe should be kept 
grout from start to finish with the discharge end of tl 
completely submerged as it is slowly and continuousl! 
Approximately 5 to 10 ft (1.5 to 3.0 m) of tremie pipe 
remained submerged until grouting is complete. Fc 
installations or where the joints or couplings of the 6 
riser cannot withstand the shear or collapse stress exe 
a full column of grout as it sets, a staged grouting prc 
may be considered. If used, the temporary casing or 
stem auger should be removed in increments immc 
following each increment of grout installation and 
vance of the time when the grout begins to set Il 
removal does not commence until grout injection 
pleted, then, after the casing is removed, addition; 
may be periodically injected into the annular q 
maintain a continuous column of grout up to the 
sudace. 
8.8.3 Specific Procedures for Multi-Cased Welh 

outer casing of a multi- well cannot be driven tc 
tight seal between the surrounding stratum (strata) 
casing, it should be installed in a predrilled boreho 
the borehole bas penetrated not less than 2 ft (608 
the first targeted codking stratum, the outer E 
lowered to the bottom of the boring and the annular 
filled with grout. Grouting may be accomplished 
pressure grouting method or gravity feed through 
pipe. Pressure grouting will require the use of a grou 
packer installed at the end of the outer casing to 
grout h m  moving up into the casing. Ifa tremie pi€ 
to inject grout into the annular space, it should be f 
with a side discharpe. With each alternative, the grc 
be allowed to cure and form a seal between the ca 
the grout prior to advancing the hole to the next h: 
unit. This procedure is repeated as necessary to ad! 
borehole to the desired depth. Upon reaching the fi 
depth, the riser and screen is set through the inn( 
Subsequent to the placement of the filter pa 
bentonite seal, the remaining annular space is g~ 
described in 8.8.2 (see fig. 3). 

NOTE I3-When using a packer, p~essure may build up d 
injection and force grout up the sides of the packer and into 
8.9 Well Protection-Well protection refen spec 

installations made at the ground surface to deter 

>l----. .c.. tremie pipe equipped with. a side & W ~ G  3 --*p 
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rized entry to the monitoring well and to prevent surfaoe 
water from entering the annulus. 

8.9.1 Protective Casing--The protective Casing should 
extend from below the frost line (3 to 5 ft [ 1 .O to 1.5 m]) 
below the grade depending on local conditions to slightly 
above the well casing tip. The protective casing should be 
hitially placed before final set of the grout backfill. The 
protective casing should be sealed and immobilized in 
concrete placed around the outside of the protective casing 
above the set grout backtill. The casing should be positioned 
and stabilized in a position concentric with the riser (see Figs. 
1 and 2). Sufficient clearance, usually 6 in. (1 52 mm) should 
be maintained between the lid of the protective casing and 
the top of the riser to accommodate sampling equipment. A 
*/4-in. (6.3-mm) diameter weep hole should be drilled in the 
casing 6 in. above the ground surface to permit water to 
drain out of the annular space. In cold climates, this hole will 
also prevent water freeting between the well protector and 
the well casing. Dry bentonite pellets, granules, or chips 
should then be placed in the annular space below ground 
level within the protective casing. Coarse sand or pea gravel 
or both is placed in the annular space above the dry 
bentonite pellets and above the weep hole to prevent entry of 
insects. AU materials chosen should be documented on the 
well completion diagram. The monitoring well identification 
number should be clearly visible on the inside and outside of 
the lid of the protective Casing 

669 6 
and with the drilling method used. 

9.2 Development Methodr-Methods of development 
most often used include mechanical surging and bailing or 
pumping, over-pumping, air-lift pumping, and jetting. An 
important factor in any method is that the development 
work be stated slowly and gently and be increased in vigor as 
the well is developed. Most methods of well development 
require the application of sufficient energy to disturb the 
iilter pack, thereby freeing the fines and allowing them to be 
drawn into the well. The coarser fractions then settle around 
and stabilk the screen. The well development method 
chosen should be documented on the well completion 
diagram. 
NOTE 14-Any time an air compressor is used, it should be equipped 

with an oil air filter or oil trap to minimize the introduction of oil into 
the screen area. The presence of oil would impact the organic constit- 
uent concentrations of the water samples. 

NUTE 1 5-Development procedures for wells completed in fine sand 
and silt strata should involve methods that are relatively gentle so that 
the strain material will not be incorporated into the filter pack. Vigorous 
surging for development can produce mixing of the fine strata and filter 
pack and produce turbid samples from the installation. Also, develop 
ment methods should be carefully selected based upon the potential 
contaminant(s) present, quality of waste water genemted, and require- 
ments for containerization or treatment of waste water. 

'r 

9.2.1 Mechanical Surging-In this method, water is 
forced to flow into and out of the well screen by operating a - plunger (or surge block) or bailer up and down in the riser: A 
pump or bailer should then be used to 

* 

8.9.2 Completion of Surjbce Installation-The well pro- the tection instaliation may be-completed in one of three ways: 
8.9.2.1 In areas subject to frost heave, place a soil or 

bentonite/sand layer adjacent to the protective casing sloped 
to direct water drainage away from the well. 

8.9.2.2 In regions not subject to frost heave, a 4in. 
(101-mm) thick concrete pad sloped to provide water 
drainage away from the well may be placed around the 
installation. Care must be taken not to lock the concrete pad 
onto the protective casing if subsidence of the surface may 
occur in the future. 

8.9.2.3 Where monitoring well protection must be flushed 
with the ground, an internal cap should be fitted on top of 
the riser within the manhole or vault. This cap should be 
leak-proof so that if the vault or manhole should fill with 
water, the water will not enter the well casing. Ideally, the 
manhole cover cap should also be leak-proof. 

8.9.3 Additional Protection-In areas where there is a 
high probability of damaging the well (high traffic, heavy 
equipment, poor visibility), it may be neceSSary to enhance 
the normal protection of the monitoring well through the use 
of posts, markers, signs, etc. The level of protection should 
meet the damage threat posed by the location of the well. 

9. Well Development 
9.1 General-The development serves to remove the finer 

grained material from the well screen and filter pack that 
may othenvise interfere with water quality analyses, restore 
the ground-water properties disturbed during the drilling 
process and to improve the hydraulic characteristics of the 
filter pack and hydraulic communication between the well 
and th6 hydrologic unit adjacent to the well screen. Methods 
of well development vary with the physical characteristics of 
hydrologic units in which the monitoring well is screened 

- 
sediments following surging. 

9.2.2 Over Pumping-With this method, the monitoring 
well is pumped at a rate considerably higher than it would be 
during normal operation. The fine-grain materials would be 
dislodged from the filter pack and surrounding strata influ- 
enced by the higher pumping rate. This method is usually 
conducted in conjunction with mechanical surging. 

9.2.3 Air Lifi Pumping-In this method, an air lift pump 
is operated by cycling the air pressure on and off for short 
periods of time. This operation will provide a surging action 
that will dislodge fine-grained particles. Applying a steady, 
low pressure will remove the fines that have been drawn into 
the well by the surging action. Efforts should be made (that 
is, through the use of a foot valve) to avoid pumping air into 
the filter pack and adjacent hydrologic unit because the air 
may lodge there and inhibit future sampling efforts and may 
alter ambient water chemistry. Furthermore, application of 
high air pressures should be avoided to prevent damage to 
small diameter PVC risers, screens, and filter packs. 

9.2.4 Well Jetting-Another method of development in- 
volves jetting the well screen area with water while simulta- 
neously air-lift pumping the well. However, the water added 
during this development procedure will alter the natural, 
ambient water quality and may be dimcult to remove. 
Therefore, the water added should be obtained from a source 
of known chemistry. Water from the monitoring well being 
developed may also be used if the suspended sediments are 
first removed. 

9.3 Duration of Well Development-Well development 
should begin after the monitoring well is completely installed 
and prior to water sampling, Development should be con- , 
tinued until representative water, free of the drilling fluids, 
cuttings, or other materials introduced during well construe- 

1. 

.' 
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tion is obtained. Representative water is assumed to have 
been obtained when pH, temperature, and specific conduc- 
tivity readings stabilize and the water is visually clear of 
Nspended solids. The minimum duration of well develop 
ment should vary in accordance with the method used to 
-develop the well. For example, surging and pumping the well 
my provide a stable, sediment-free sample in a matter of 
minutes; whereas, bailing the well may require several hours 
of continuous effort to obtain a clear sample. The duration 
of well development and the pH, temperature, and specific 
conductivity readings should be recorded on the well com- 
pletion diagram. 

9.4 Well Recovery Test-A well recovery test should be 
performed immediately after and in conjunction with well 
&.&!pme=?. pue y;$ y&.;q 
indication of well performance but also provides data for 
determining the transmisSivity of the screened hydrologic 
unit. Estimates of the hydraulic conductivity of the unit can 
then be determined. Readings should be taken at intervals 
suggested in the table below until the well has recovered to 
90 95 of its static water level. 

NOIT 16-If a monitoring well does not recover sufficiently for 
sampling within a 2 4 4  period and the well has been properly developed, 
the installation should not generally be used as a monitoring well for 
detecting or assessing low level organic constituents. The installation 
may, however, be used for long-term water level monitoring if measure- 
ments of shorter frequency water level changes are not required. 

=s? =+j p:c.,+ds 

10. Installation Survey 
10.1 General-The vertical and horizontal position of 

each monitoring well in the monitoring system should be 
surveyed and subsequently mapped by a licensed surveyor. 
The well location map should include the location of all 
monitoring wells in the system and their respective identifi- 
cation numbers, elevations of the top of riser position to be 

TABLE 2 Suggested Recording lntenals for Well Retwery Tests 
~ ~~ 

T I  since Starting lest Tm Interval 

O t O l 5 m i n  l m i n '  
15toSOmin Smin 
5oto1oomin 10 min 

3omin 
6omin 

100 to 300 min (5 h) 
300 to 144Omin 124 h) 

used as the reference point for water level measu 
and the elevations of the ground surface protective 
tions. The locations and elevations of all permaner 
mark(s) and pertinent boundary marker(s) located c 
used in the survey should also be noted on the mal: 

10.2 W a n  Level Measurement Refmene-fl 
level measurement reference point should be pen 
marked, for instance, by cutting a V-notch into the 
of the riser pipe. This reference point should be SUI 
reference to the nearest NGVD reference point. 

10.3 Location Coordinates-The horizontal l a  
all monitoring wells (active or decommissioned) SI 
surveyed by reference to a standardized survey gr 
metes and bounds. 

11. Monitoring Well Network Report 
1 1.1 To demonstrate that the goals as set forth ii 

1, the Scope, have been met, a monitoring well 
report should be prepared. This report should 

1 1. I .  1 Locate the area investigated in terms per 
the project. This should include sketch maps or aeri< 
on which the exploratory borings, piezometers, sam] 
and monitoring wells are located, as well as tor 
items relevant to the determination of the various 
rock types, such as contours, streambeds, etc. Where 
include a geologic map and geologic cross sections o 
being investigated. 

1 1.1.2 Include copies of all well boring test 
exploratory borehole logs, initial and postampleti 
levels, all laboratory test results, and all well co 
diagrams. 

1 1.1.3 Include the well installation survey. 
11.1.4 Describe and relate the findings obtaine 

initial reconnaissance and field investigation (% 
the design and installation procedures selected (Secl 
9) and the surveyed locations (Section 10). 

1 1.1.5 This report should include a recommendec 
mission procedure that is consistent with the well I 

tion and local regulatory requirements. 

12. Keywords 

ground water, monitoring well; Site investigation 
12.1 aquifer, borehole drilling; geophysical ex€ 
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